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SEASONAL DISTRIBUTION OF TUNAS AND BILLFISHES 
IN THE ATLANTIC ' 


By 


JOHN P. WISE and CHARLES W. DAVIS? 


ABSTRACT 


Charts of the Atlantic Ocean for each quarter of the year—January-March, ete.— 
show the distribution of 10 species and groups of species fished by the Japanese 
Atlantic longline fishery in the years 1956-68. These charts are based on detailed catch 
and fishing effort data published by the Japanese Government. Quarterly average catch 


per unit of effort was calculated for each 5° 


X 5° square, and contour lines were 


drawn through equal levels of catch per unit of effort. The text explains the calcu- 
lation and contouring processes in detail, and has a section of remarks and explanation 


for each of the 10 species or groups. 


INTRODUCTION 


After World War II the Japanese longline 
fishery for tunas and billfishes began to ex- 
pand from the area of the home islands. By 
1953 the fishery had reached about long 160°W 
in the eastern Pacific; by 1956 the Pacific 
fishery extended at least to long 140°W (Roths- 
child, 1966), and the first commercial ven- 
tures had begun in the Atlantic. Subsequent 
expansion was rapid; in 1962 most of the 
world ocean between lat 25°N and 25°S was 
being fished by Japanese longliners. In 1969 
the fishery had expanded so that most waters 
between lat 40°N and 40°S were being fished 
—the maximum north-south extension of the 
fishery reached from nearly the Arctic Circle 
to 55°S (Fisheries Agency of Japan, 1971). 

The Japanese Government has collected 
detailed catch and effort data on this unique 
fishery for many years and has published 


Contribution No. 211, National Marine Fisheries 
Service, Southeast Fisheries Center, Miami Laboratory, 
Miami, FL 33149. 

2 National Marine Fisheries Service, Southeast Fish- 
eries Center, Miami Laboratory, Miami, FL 33149. 


most of the available information. The pub- 
lished data for the Atlantic begin with the 
inception of the Atlantic fishery in 1956; 
worldwide coverage starts in 1962. These 
data are of inestimable value from the point 
of view of understanding the fishery and also 
from the ecological standpoint by virtue of 
the information they contain on the distribu- 
tion and abundance of the species caught. 
Many studies have been based on these data 
—the earliest were those published by the 
Nankai Regional Fisheries Research Labora- 
tory on 1952 data (1954) and on 1958 data 
(1959). Both covered only the Pacific, as did 
Howard and Ueyanagi’s (1965) atlas on the 
distribution of billfishes. 

The data used here were taken from pub- 
lications of the Nankai Regional Fisheries 
Research Laboratory (Shiohama, Myojin, and 
Sakamoto, 1965) and of the Research Division, 
Fisheries Agency of Japan (Fisheries Agency 
of Japan, 1965, 1966, 1967a, 1967b, 1968, 1969, 
1970). Shiohama et al. reported on the long- 
line fishery in the Atlantic for 1956-62; the 
Fisheries Agency publications cover the fish- 
ery in the world ocean for 1962-69. Among 


the data presented are the number of hooks 
set and the catch in numbers of 10 species or 
groups of species for each 5° X 5° square 
and each month. The data for 1969 became 
available as this report was in preparation 
(Fisheries Agency of Japan, 1971) and are 
summarized in Table 1 but not included in 
this analysis. 

From 1956 through 1966 the values pub- 
lished are from the longliners from which 
logbooks were available. Conversion factors 
are provided to adjust these data to estimates 
for the whole Japanese fleet. The data from 
1967 onward were adjusted before publica- 
tion. The factors used to adjust the data to 
values for the whole Atlantic fleet are: 


1956 1.00 
ays s7 0) algaless 
1958 2.57 
1959 1.97 
1960 1.34 
1961 1.29 
1962 1.72 
1963 1.60 
1964 1.52 (Longliners) 

1.47 (Motherships with longline boats) 
1965 1.60 (Longliners) 

1.27 (Motherships with longline boats) 
1966 1.54 (Longliners) 

1.17 (Motherships with longline boats) 
1967 1.21 (Longliners) 

1.14 (Motherships with longline boats) 
1968 1.61 (Longliners) 

1.16 (Motherships with longline boats) 


Factors for 1961 and 1962 have been changed 
slightly from those indicated in Shiohama 
et al. (1965) because of the deletion of some 
suspect data on the advice of Dr. Akira Suda 
of the Far Seas Fisheries Research Labora- 
tory of the Fisheries Agency of Japan. Shio- 
hama (1971) has recently published a table 
of corrections which agrees almost exactly 
with Suda’s letter—our data are very slightly 
at variance with the later corrections. 

Table 1 summarizes the Japanese Atlantic 
catch and fishing effort for the period studied. 

Through 1965 the Japanese fleet accounted 
for 90% or more of all Atlantic longline catches. 
The percentage decreased rapidly in 1966 
and following years as the Japanese reduced 
their effort and the Chinese (Taiwan) and 
South Koreans increased theirs. In 1969 the 
Japanese fleet only took about 30% of the 


total Atlantic longline catch, but fishing oper- 
ations were widely enough distributed in time 
and space that the Japanese fleet could still 
be considered a good sampling device for de- 
riving indices of catch per unit of effort and 
abundance. 

The tunas and billfishes were originally 
identified in the data reports only by their 
Japanese and English common names. Be- 
ginning in 1967 the names for the Atlantic 
tunas and billfishes are given as follows: 
Scientific name 


Japanese name English name 


Kuromaguro Thunnus thynnus Bluefin tuna 
Minamimaguro 7. maccoyti Southern bluefin 
Binnaga T. alalunga Albacore 
Mebachi T. obesus Bigeye tuna 
Kihada T. albacares Yellowfin tuna 
Mekajiki Xiphias gladius Swordfish 


Nishimakajiki Tetrapturus albidus White marlin 
Nishikurokajiki Makaira nigricans Blue marlin 
Shirokajiki M. indica Black marlin 
Nishibashokajiki [stiophorus albicans Sailfish 
Kuchinagufurai Tetrapturus pfluegeri Longbill spearfish 
Katsuo Euthynnus pelamis  Skipjack tuna 


METHODS 


The area covered in this study is the At- 
lantic Ocean, exclusive of the Mediterranean 
Sea, but including the Gulf of Mexico and 
Caribbean Sea, from lat 45°N to 40°S, west 
of long 20°E. Twelve of the 6,045 observa- 
tions in 1956-68, including some 72,000 hooks 
in 1965-68, occurred just north or south of 
this area and are not included in subsequent 
consideration. Two hundred fifty 5° x 5° 
squares all or part water are included. Two 
hundred thirty of these were fished at least 
once during the 13-year period. The 20 squares 
in which there was no fishing are in coastal 
areas or at the southern boundary. 

The number of month-squares for which 
there are observations in a given year varies 
from 23 in 1956 to 1,053 in 1965. An average 
year has about 464 of a possible 2,760 (230 
x 12) month-squares. When the data are 
grouped into quarters of the year, the range 
is from 19 quarter-squares in 1956 to 548 
quarter-squares in 1965, with an average of 
about 264 of a possible 920 (280 x 4) quarter- 
squares. Since the mean density is 29% (264/ 
920) for quarter-squares vs. 17% (464/2,760) 


Table 1.--Number of observations*, estimated total numbers of hooks and estimated 
numbers of fish caught, Japanese Atlantic longline fishery, 1956-69. 


* 

a i a *Seeree 

a x he age 1g eed 
s & H a oe a i) Ree eo 
> a ° v 3 4H g Hoo 
u a H 3) > fo) Ge) o Ae Wo om 
) “x v Su a) al u v ) 3) 4a 1c 
a ° 3} 2 ey a oO od 2 x “a na 3 
Year 3 = 2 < —Q al & = <a) [=a] n n 
aaa aaatalal TUN OUS A CS on 
1956 23 alsyoe Y) 1 ) 12 ) Y) 1 v) i) 0 
1957 1347. 3,376 ) 32 9 259 1 iL 9 1) 5) 0 
1958 132 8,001 ) 100 ILS) 746 1 1 10 @ 4 0 
1959 ee 55 Si2 3 357 45 1,098 2 7 23 y) 6 i) 
1960 307) 205 7/27 7 452 Valk IES) 3 1l 27 i) 12 i) 
1961 401 26,660 4 430 243 980 11 38 43 1 28 Y) 
1962 440 54,920 54 1,102 367 99h 20 113 2) 3 68 0 
1963 586 55,004 67 33 285 886 24 87 96 1 By 1 
1964 806 84,998 63 2,134 344 879 Syl 163 84 G6 118 2 
1965 1,058 97,580 60 769 650 927 44 129 45 Y) 118 3 
1966 ISTP SS 5UM 29 1,586 232 39/5 22 89 22 i) 65 1 
1967 609 31,154 5 688 181 366 16 43 11 i) 59 1 
1968 551 30,200 8 917 205 274 17 43 9 ) 52 i) 
1969 588 29,676 32 390 264 242 58 27 13 Y) 26 i) 


Total 6,633 511,532 — 335 11,090 2,909 95213) 249 753 503 6 610 8 


*An "observation" is a set of effort and catch data for a 5° square for a single 
month. A total of 24 observations in 1961 and 1962 have been eliminated and 
raising factors adjusted appropriately as stated in the text. 

*kIncludes southern bluefin - previous to 1966 the published statistics do not 
separate the two species. 

$ Less than 500 fish. 


for month-squares, the data were grouped Sapa ae ao 
e . DYil-- Je 
into quarters for analysis. Eaves ela 
July-September 208 
The number of squares fished at least once October-December 200 
in each quarter in the 13 years is: Squares not fished are shown in Table 2. 


Table 2.--Five degree squares not fished by Japanese longlines, 1956-68, by quarter of 


the year. 


Each square is identified by the coordinates of its southeast corner. 


Never fished* Eerecaduarcens 


Second quarter 


Third quarter Fourth quarter 


not fished not fished not fished not fished 
40°N. - 70°W 35°N-- 75°W. 40°N - 15°W 40°N - 10°W 4O°N - 65°W 
40°N - 05°W 35°N - 70°W. 35°N = 20°W 35°N - 75°W 40°N - 60°W 
4OSN) =) 005 SSNs OS >We 352N = 15eW 35°N - 45°W 40°N - 15°W 
S59 NE a= 05 SW: 35°N - 60°W. Sa Neea OR 30°N - 80°W 40°N - 10°W 
30°N - 85°W SomNi =A Wie 30°N = L5cw 30°N - 75°W 35°N - 75°W 
302NE <== LOSW, B52N) 6) 25.cWie 25°N - 80°W 30°N - 30°W 35°N - 70°W 
30°N - 05°W SS oN lS Wie 25°°N) sor Loew 30°N. = 15°W 35°N - 15°W 
25-Ni = 10°W S5N = OSW. 20°N - 25°W 25 2Ne =D OW) 35°N - 10°W 
O5°N - 60°W 30°N - 80°W O5°N - 80°W 202Nie = 25icW 30°N - 80°W 
05°S - 50°W S02Nie = 75)Wi O5:2N) 875 SW 20°N - 15°W 30°N - 75°W 
0525S. e452W 25°N - 80°W. O5°N - 05°W 1O2NG= LOSW 30°N - 70°W 
255) a= 45 ei) 25 aN S05W 2025S) =—35cW O5°N - 05°W 30°N - 65°W 
40°S - 60°W 25.°N = S205Wie 2025S) 72205 OS2Nan— 005 30°N = 50°W 
AOSS eet SOc 20°N - 80°W. 2002S) gael SEW OSSNGe> LOSE 30°N - 15°W 
ZO0SSi e—) 25°W 202Nie = 7 DiaWie 2525), saa OaW) 2525 == 302Wi 25°N - 80°W 
40°S = 10SW 202Ne = 25oWie 2575) usieoD aw. 25 .-Sae > 2oiaW, 25:°N> =e Wi) 
40°S - 05°W 20°N. - 30°W 25°°S> = -205W 25°S = 202°W, 25°N - 65°W 
AO cSea— 00> Z20°N) = 255Wie 2512S) = Pl SeW) 302525) 305 25°N - 60°W 
OM) oo os T5S2NL oa OSWs 25055, —lOSW 35 2S aes) 2ieNi EDM 
GOSS = I5SE 10°N - 10°W. 25755 =a05eW, 4025, =) 505W 25°N - 50°W 


The mean catch per unit of effort taken as 
apparent abundance for a square for a quarter 
was computed as the arithmetic mean of the 
catch per unit of effort for each month in the 
quarter for each year—possibly 39 values 
had the square been fished in every month of 
the quarter in all of the 13 years. The method 
was selected over the alternative of dividing 


total catch by total effort because we desired 
to weight each unit of time equally to elimi- 
nate the possible biasing effects of large vari- 
ations in fishing effort in different years. Over 
70% of the fishing in the 13 years took place 
in the 5 years 1962-66 (Table 1). 

Catch per unit of effort was estimated for 
most unfished squares, and they were “filled” 


Table 2.--Continued. 


First quarter** 


Never fished* Sot fished 


Second quarter 
not fished 


Third quarter Fourth quarter 


TT Ua EEUU EEEEEE SESS 


OSaNG Se LOSE 25°S 
00° - 50°W 25°S 
Z0SSe= OOS 30°S 
DRY (00) 30°S 
3202S) i= -305W 30°S 
3205S eee 25aW 30°S 
8302S = 005 30°S 
80°%S) )= 2055 35,°S 
SBS, Sty B51SE 
35 ¢Se—— 300W 35.25 
Bo Seem 25\oW 35°S 
8352S, = 205W: 3525S 
35°S - 10°W 40°S 
sbyale (Oo OEY 40°S 
Shy. 3 00" 40°S 
40°S - 45°W 40°S 
40°S_ - 20°W 40°S 
4OSS > 15 2wi 

4028) = 10525 


not fished not fished 
00° 40°S - 45°W 25°N - 40°W 
05°E 40°S_ - 40°W 2 Ni aS DEW 
45 °W 40°S - 35°W 20°N - 75°W 
35°W 40°S - 30°W 20°N - 50°W 
30°W 40°S - 20°W 20°N - 40°W 
25°W 40°S - 15°W 15°N - 95°W 
20°W 40°S - 05°E 15°N - 90°W 
50°W O5°N - 10°E 
35 °W S59 sean OmW 
30°W 40°S - 50°W 
25 °W 
20°W 
35 °W 
30°W 
20°W 
15°W 
05°E 


*These squares not included in listing by quarter. 


**No fishing north of 40°N 


since we felt that with certain limitations 
values in surrounding squares could be taken 
as estimators. The four adjacent squares and 
the four squares at the corners of each un- 
fished square were considered. An unfished 
square was filled if there were data in at 
least: two adjacent squares, one adjacent 
square and two opposing corner squares, or 


in this quarter. 


four corner squares. Adjacent squares were 
assigned a weight of two, the corner squares 
a weight of one. 

The catch per unit of effort of an unfished 
square was calculated by multiplying values 
in the adjoining squares by the appropriate 
weighting factors, summing the _ products, 
and dividing by the sum of the factors. The 


Table 3.--Five-degree squares not fished and not filled, by quarter of the year. Each 
square is identified by the coordinates of its southeast corner. 


‘ First quarter** Second quarter Third quarter Fourth quarter 
ROYCE (eee ety not filled not filled not filled not filled 
40°N - 05°W BD) oNie = 7D). 355 NP 1 = LOS 35°N ~ 75°W 40°N - 70°W 
40°N - 00° 35 aN) =) 7/0SW 309N- a=" 15 ew 30°N) = 1855Wi 4O°N - 65°W 
35°N - 05°W 35°N - 65°W OSi2N = 805W 30°N - 80°W 40°N - 15°W 
30°N - 10°W S5Ni = LOSW, O5°N - 75°W 25.eNe = LS 40°N - 10°W 
30°N - 05°W 30°N - 85°W 25S) aaa ow) SB So SOAK S5ISNE tan law 
2ONie => LOmW) 30°N - 80°W 25°55) |=" 402W 40°S - 50°W 35°N - 70°W 
058S) ==" 505W 35:9S) “= "305W 3072S =. 3 05Wi 40°S - 45°W SHINO USAR 
40°S - 60°W ST SEY 30255 v=25eW 40°S - 40°W 35° Ne =e lOSW, 
GOgSt = 5 5Wi 35/93) =. OSs Wi 35°S) = 35eW 40°S = 35°W 30°N - 85°W 
4O2S" = 0550 35S = OOe 35.55) = 30nWi 40°S - 30°W 30°N - 80°W 
40°S - 25°W 3579) oe2 iW) ZOLSh 25:5. 30°N ==752W 
40°S - 20°W 35.55) = 202W 40°S - 20°W 30°N. - 70°W 
40°S - 15°W AOSSin— 2S 5 402S) = 1/5)oW) 252.N =) DOW 
40°S:' =) 10°W 40°S - 30°W GOSS = lOSw IBY So OBA 
405S)" ="00° AOR Samo iaN) GOSS: “="00% 35:2 Sm OSW 
4OSS) = 05°R 40°S - 20°W 40°S_ - 05°E 40°S - 50°W 
4025S) = 10°R 402s" = 15SW 40°S - 10°E 


ZO0°S, = VOSW 


405S ee =n00z 
40°S - 05°E 
40 5Sae—lOSE 


*These squares not included in listing by quarter. 
**No filling north of 40°N in this quarter. 


procedure was reapplied to a single square, in the data field after the filling process. Table 
lat 20°-25°S, long 15°-20°W, in the second 3 shows the squares which remained without 
quarter only, which remained as a “hole” observed or assigned values after filling. 


Contouring was done by computer, assign- 
ing the catch-per-unit-of-effort value for each 
square to a point in the geometric center of 
the square. Although our charts (Figures 
1 and 4-13) are a square projection, the 
“squares” are, of course, not square. One 
degree of longitude is approximately equal 
to 60.722 nautical miles x cosine latitude. 
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Figure 1.— Divisions of the Atlantic Ocean. 


The program used for contouring could 
not effectively distinguish squares with no 
data from those with values of zero, and it 
contoured squares which are part water as 
if they were all water. For these reasons we 
edited the computer plots, terminating all 
contours at the coast and a half-square be- 
fore the edge of the data field. 

For the sake of clarity and simplicity the 
contours in Figures 4-13 are usually drawn 
at the levels of 2, 4, and 6, and the number 
of hooks is varied appropriately by orders 
of magnitude: 


Fish per 100 hooks - Albacore 
Yellowfin 
Fish per 1,000 hooks - Bigeye 


White marlin 

Blue marlin 

Sailfish and spearfish 
Bluefin 

Swordfish 

Black marlin 
Skipjack 


Fish per 10,000 hooks - 


The level of 4 (per 100 or 1,000 or 10,000 
hooks) is shown by a dashed line. In cases 
where the catch rates exceeded 6 (per 100, 
etc., hooks) in significant amounts, the fact 
is noted in the explanatory text for each 
species. Black marlin and skipjack are ex- 
ceptions—their apparent abundance is_ so 
low that contours are drawn only at the 
single level of 1 per 10,000 hooks, roughly 
equivalent to comparison of presence vs. ab- 
sence. 


INTERPRETATION OF 
CONTOURS 


The various species have shown differing 
apparent responses to exploitation, and these 
responses, of course, affect the mean abundance 
values. (Wise, 1968; Wise and Fox, 1969; 
Wise and LeGuen, 1969.) For this reason, in 
Figure 2, we show for each species the annual 
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Figure 2. — Catch per thousand hooks, 1956-68, various 
tunas and billfishes in selected areas (see text) in 
the Atlantic Ocean. 


catch per unit of effort only in the areas in 
which the catches of the species were great- 
est in 1956-68, dividing the Atlantic as shown 
in Figure 1. Catches were distributed as 


follows: 

Bluefin - 89% of the catch in NOW, 
GUI, and BAH 

Albacore - 86% of the catch in NOW, 
BAH, BEN, and RIO 

Bigeye - 86% of the catch in GUI, 
CV, GG, and BEN 

Yellowfin - 86% of the catch in GUI, 
CV, and GG 

Swordfish - 81% of the catch in GUI, 


CV, GG, BAH, and BEN 
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Figure 3. — Relative amounts of fishing by the Japanese longline fleet in the Atlantic Ocean, 1956-68. Darkest portion 


2 


includes 75% of the effort; intermediate shading plus darkest portion includes 95% 


include 99% of the effort. 


White marlin - 72% of the catch in NOW, 
GUI, BAH, and RIO 


Blue marlin - 72% of the catch in NOW, 
GUI, GG, and BAH 

Black marlin - 73% of the catch in CV, GG, 
and BAH 


Sailfish andspearfish- 76% of the catch in GUI, 
GG, BAH, and RIO 


Catch rates of skipjack are calculated for the 
whole ocean. 

Examination of Figure 2 makes it clear 
that the contour levels shown for the various 
species can reflect only relative overall abun- 
dance and are not necessarily representative 
of any one year or short series of years. 
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of the effort; all shaded areas 


Most, if not all, previous studies based on 
the Japanese longline data—e.g., Koto (1969); 
Mather, Jones, and Beardsley (1972); Saka- 
moto (1967)—have tacitly assumed that all 
observations are of equal value in delimiting 
distribution and abundance of the species 
taken by the fishery. The assumption probably 
is not correct because of the grossly unequal 
amounts of fishing in different parts of the 
Atlantic. For example, there were a total of 
some 7 million hooks fished in 1956-68 in 
each of the two most heavily fished 5° Xx 5° 
squares, vs. a total of only about a thousand 
hooks fished in the most lightly fished square 
in the course of the 13 years, a difference of 
nearly four orders of magnitude. 


For this reason, we show the relative 
amounts of fishing in Figure 38. The shaded 
areas include 99% of the fishing effort in each 
quarter during 1956-68. Within the shaded 
area the darkest portion includes squares 
which total cumulatively 75% of the effort; 


the intermediate shading plus the darkest 
portion includes 95% of the effort. Table 4 
shows the range of the percentages. The total 
fishing effort was approximately equal in 
each of the four quarters—first quarter 120.5 
million hooks, second quarter 131.6 million 
hooks, third quarter 120.7 million hooks, 
fourth quarter 109.0 million hooks. 

Thus, all of the squares outside of the shaded 
areas in any quarter taken together include 
no more than 1% of the fishing effort for that 
quarter, and no one unshaded square in- 
cludes more than about 0.05% of the fishing 
for that quarter—at the maximum about 
5,000 hooks total in 13 years (131.6 million 
hooks X 0.05%/13). Most of the squares out- 
side the shaded area include less than 0.05% 
of the fishing; the average is less than 0.02%, 
or less than 2,000 hooks total in 13 years. 

A recent publication by Shiohama (1971) 
shows graphically the distribution of Japanese 
longline fishing effort for each year in the 
1956-68 period. 


Table 4.--Distribution of percentages of fishing effort for each quarter. 


First quarter 


Effort Range Number Range 
level of 7% of of % 
squares 
75%, 5 .894- 34 DOV 
0.924 0.766 
95% 5.894 78 Di O79 
0.176 0.225 
99% 5 .894- 115 5.075- 
0.055 0.046 
100% =. 176 D 
Note: 


first quarter 95% of the fishing is 


75% of the fishing, plus 44 others, 


Second quarter 


Third quarter Fourth guarter 


Number Range Number Range Number 
of of % of of 7% of 
squares squares squares 
48 5.169- 44 4.070- 55 
0.814 0.584 
88 5.169- 101 4.070- 109 
0.163 0.208 
124 5.169- 141 4.070- 144 
0.049 0.048 
193 5 203 S 200 


The number of squares shown for each effort level is cumulative--i.e., in the 


included in the 34 squares which include 


or 78 squares. 
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The shaded regions include the areas in 
which we have reasonable confidence in the 
contours, with confidence increasing as the 
amount of fishing included increases. Contour 
lines outside of the shaded areas are related 
to very small amounts of fishing and should 
be interpreted with caution, especially where 
there are isolated peaks of high apparent 
abundance. 

In evaluating the amount of confidence to 
be placed in the contour lines, however, we 
feel that giving consideration only to the 
amount of fishing is oversimplification. When 
a concentration repeats in more than one 
quarter, or when it appears to be coherent 
with one or more others appearing in other 
quarters, it can often be given more credence 
than that based simply on the amount of 
fishing. The ideal, of course, would be to have 
the fishing uniformly distributed over the 
ocean. An alternative would be to apply an 
objective statistical procedure to reject catch- 
per-unit-of-effort values derived from amounts 
of fishing below a critical value. The first 
is impossible and the second probably not 
practical, so a certain amount of subjectivity 
must remain in the interpretation of the con- 
tours. 


BLUEFIN AND 
SOUTHERN BLUEFIN TUNAS 


The published Japanese statistics did not 
separate the bluefin and the southern bluefin 
previous to 1966. In the period 1966-68 about 
30% of the total catch of both species was 
southern bluefin, but less than 100 southern 
bluefin were caught north of lat 20°S. About 
75% of the catch south of lat 20°S was report- 
ed as southern bluefin. We shall generally 
consider concentrations north of lat 20°S as 
bluefin and concentrations south of 20°S as 
southern bluefin. 

Figure 4 shows the distribution of catches 
of bluefin for the four quarters of the year. 
The most consistent features are a concentra- 
tion of bluefin off the easternmost part of 
South America all year round and another, 
probably of bluefin and southern bluefin (Tal- 
bot and Penrith, 1963), on or near the African 
coast south of lat 20°S, in every quarter but 
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the first. There is a concentration in the first 
quarter just north of lat 20°S; it appears 
probable that this is related to the African 
coastal group. 

There is a concentration around Cuba and 
Puerto Rico in the first quarter, extending 
into the northern Gulf of Mexico and along 
the east coast of North America in the second 
quarter. It is off the northeastern United 
States and Newfoundland in the third quarter 
and extends southward in open water from 
Nova Scotia and Newfoundland in the fourth 
quarter. This pattern is consistent with a 
migration pattern outlined by Rivas (1955). 
The migration hypothesis for northwest At- 
lantic bluefin was unsupported by any direct 
evidence for many years, but recently long- 
liners off New England and Nova Scotia 
caught two bluefin tagged in the Bahamas 
(F. J. Mather, III, personal communication). 

In the first through third quarters there 
are ‘‘spots” of bluefin extending eastward 
from the concentrations mentioned above, 
and in the fourth quarter there is a large 
concentration centered on long 30°W in the 
North Atlantic. These distributions may be 
related to the irregular transatlantic migra- 
tions of bluefin discussed by Mather (1969). 

Although there are relatively important 
fisheries for bluefin on the European coast, 
in the Mediterranean, and on the northwest 
coast of Africa, nearly all of the large con- 
centrations in Figure 4 occur west of long 
20°W. 

The apparent abundance of bluefin during 
the 1956-68 period increased from very low 
levels in the early years to a peak in 1962-66, 
then returned to low levels (Figure 2). A 
similar cycle may be seen in the purse-seine 
catches off New England (Wise, Beardsley, 
and Mather, 1971). While great changes in 
catch-per-unit-of-effort values with time make 
any absolute values questionable, average 
catches per unit of effort in the concentrations 
shown run over 50 per 10,000 hooks in the 
first quarter and over 100 per 10,000 hooks 
in the second quarter. 


ALBACORE 


The most obvious feature in the distribution 
of albacore for the four quarters of the year, 
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as shown in Figure 5, is the separated northern 
and southern distribution of the species, with 
very low catch rates between about lat 15°N 
and 5°S. 

Beardsley (1969) and Koto (1969) both 
studied distribution of albacore in the At- 
lantic on the basis of longline catch and 
effort. Their analyses were based on shorter 
series of data than we have used—Beardsley 
used 9 years, 1957-65, while Koto used 5 years, 
1961-65. Both agreed on generally east-west 
seasonal migrations within both the northern 
and the southern groups of albacore, with the 
group of small fish located off extreme south- 
west Africa interchanging with Indian Ocean 
populations. 

Highest average catch rates occur off south- 
west Africa—up to 10 fish per 100 hooks in 
the first and third quarters and up to 17 fish 
per 100 hooks in the second quarter. In other 
areas, highest average catch rates almost 
never are above 7 per 100 hooks. 

The almost complete absence of albacore 
from the Gulf of Mexico, although not ap- 
parent in Figure 5, is of some ecological 
interest. Almost 11 million albacore were 
caught in the Atlantic by longliners during 
1956-68, but only 0.02% were caught in the 
Gulf of Mexico (GM in Figure 1). The two 
poorest areas for albacore outside of the Gulf 
of Mexico, the CV and GG areas of Figure 1, 
yielded 2.4 and 3.1 fish per 1,000 hooks (total 
catch divided by the total effort for the 13 
years), but the same figure for the Gulf of 
Mexico (GM) was only 0.5 per 1,000 hooks. 

Also not shown on Figure 5 is the large 
shallow concentration of albacore in the Bay 
of Biscay from about June to October or 
November of each year. While the longliners 
fish little or none east of long 20°W, north of 
lat 20°N (Figure 3), catches of more than 
30,000 metric tons of albacore (roughly half 
of the total Atlantic catch) are taken annual- 
ly by French and Spanish fishermen with live 
bait and by trolling. 


BIGEYE TUNA 


The distribution of bigeye is shown for the 
four quarters of the year in Figure 6. Two 
large concentrations are evident off the coast 
of west Africa, separated at or near the 
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equator, changing their shapes and bound- 
aries with the seasons. The northern con- 
centration is not defined at its northern edge 
in any quarter except the third, and may ex- 
tend all of the way across the Atlantic at 
about lat 35°-40°N in every quarter except 
the second. 

These distributions are different in many 
respects from those outlined by Sakamoto 
(1967)—the differences may be due to the 
fact that Sakamoto used data only for 3 years, 
1962-64. 

The apparently anomalous minor concentra- 
tion of bigeye along the east coast of southern 
Mexico and Central America in all four 
quarters may be due to misidentification by 
the fishermen of large blackfin tuna (7. at- 
lanticus). 

Average catches inside the contour of 6 
fish per 1,000 hooks reach over 30 fish per 
1,000 hooks in some cases along the southern 
African coast in the last two quarters, and 
near this level in the northern concentration 
in the first two quarters. 


YELLOWFIN TUNA 


Concentrations of yellowfin tuna are almost 
entirely confined to tropical waters between 
lat 20°N and 10°S, except for low or small 
concentrations in the northwest Atlantic in 
the third and fourth quarters and some con- 
centrations in the Gulf of Mexico in all four 
quarters (Figure 7). 

Wise and Le Guen (1969), among others, 
have hypothesized that there may be eastern 
and western populations of yellowfin in the 
tropical Atlantic. There is some evidence in 
Figure 7 of such a division, but the dividing 
line could be placed at about long 70°W, con- 
siderably farther west than suggested by Wise 
and Le Guen. 

The catch per unit of effort of yellowfin 
has dropped markedly and steadily from 9 or 
10 fish per 100 hooks in the first three years 
of the fishery to less than 2 fish per 100 hooks 
in 1964-68 (Figure 2) so that absolute values 
must be interpreted with considerable caution. 
The highest average value is nearly 19 fish 
per 100 hooks in the western Gulf of Mexico 
in the first quarter and nearly 12 fish per 
100 hooks occur on the north coast of South 
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America in the second quarter—in all other 
cases the contour of 6 fish per 100 hooks does 
not enclose values of much above 6. 


SWORDFISH 


The plots of swordfish apparent abundance 
shown in Figure 8 for the four quarters ap- 
pear on cursory examination to be among the 
most complex of all the species and groups 
of species. In fact, they are among the sim- 
plest, since they demonstrate little difference 
in distribution with reference to longitude, 
latitude, land masses, open ocean areas, or 
even with season. In the first, third, and fourth 
quarters, the northern limit of distribution 
at the lowest level shown, 2 fish per 10,000 
hooks, extends beyond the limits of the fishery. 

The highest average catch per unit of 
effort is about 27 fish per 10,000 hooks, at the 
northern limit in the fourth quarter—in other 
quarters it runs about 12-19 fish per 10,000 
hooks, either at the northern limit or near 
lat 10°N on the coast of west Africa. 

The catch-per-unit-of-effort figures given 
are for swordfish caught incidental to daytime 
longline fisheries primarily for other species 
—commercial longline fisheries for swordfish 
operate primarily at night, since catches are 
considerably higher than they are in daylight 
hours. This fact, together with the increase 
in apparent abundance of swordfish through 
the 1956-63 period (Figure 2) means that the 
values in Figure 8 must be interpreted with 
considerable caution. 


WHITE MARLIN 


Figure 9 shows catch rates for white marlin 
for the four quarters of the year. The major 
concentrations of white marlin occur in the 
western Atlantic. There is a concentration 
along the east coast of South America in each 
quarter except the second and another which 
appears to move along the north coast of South 
America, through the Caribbean, and into the 
northern Gulf of Mexico, starting in the first 
quarter. Mather et al. (1972), after studying 
65 tag returns, mostly from the commercial 
fishery, state that these shifts may be attrib- 
uted to seasonal migration. They hypothesize 
that there are probably no major migrations 


16 


of white marlin between the two western At- 
lantic concentrations and that they may be 
separate populations. 

Average catch rates reach 30 or more white 
marlin per 1,000 hooks in the Gulf of Mexico 
and Caribbean in the second quarter and nearly 
that rate off eastern South America in the 
first and fourth quarters. 

Figure 2 shows that the catch rate of white 
marlin tended to increase during the 1956-68 
period, with rates of about 1 fish per 1,000 
hooks or below in 1956-60 and rates generally 
over 2 fish per 1,000 hooks in 1961-68, ap- 
proaching 3 fish per 1,000 hooks in 1966-68. 


BLUE MARLIN 


Figure 10 shows catch rates for blue marlin 
for the four quarters of the year. Catch rates 
in the areas where most of the blue marlin 
have been caught have decreased markedly 
(Figure 2), with rates near or above 2 fish 
per 1,000 hooks in 1956-63, but only 0.6 fish 
or less per 1,000 hooks in 1965-68. 

The most striking features of Figure 10 are 
two major concentrations, both in the western 
Atlantic. (The apparent concentration off 
Africa in the first quarter is based on very 
little fishing.) One of the western Atlantic 
concentrations lies off the easternmost part 
of South America in the first and second 
quarters, with a suggestion of its existence in 
the fourth quarter. The other lies in the Gulf 
of Mexico and Caribbean, centered around 
Cuba, in the second and third quarters. Mather 
et al. (1972) have hypothesized on the basis 
of spawning information that these two widely 
separated concentrations represent separate 
populations although Ueyanagi et al. (1970) 
believe there is mixing in equatorial areas. 

Highest average catch rates in both con- 
centrations reach over 13 fish per 1,000 hooks 
in the second quarter. 


BLACK MARLIN 


Black marlin had not been reported in the 
Atlantic until the first statistical report on 
the Japanese longline fishery (Shiohama et al., 
1965). Its existence in the Atlantic still has 
not been confirmed by examination of speci- 
mens by a qualified ichthyologist. Nonetheless, 
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the Japanese longline fishermen, many of 
whom would be expected to recognize the 
species, have reported catches consistently in 
every one of the 13 years studied. Ueyanagi 
et al. (1970) believe that the black marlin in 
the Atlantic are strays from the Indian Ocean. 

Figure 11 shows the distribution of the 
catches at a level of 1 fish per 10,000 hooks 
or higher for each quarter of the year. Catches 
are extremely low outside of the areas out- 
lined, but can be quite high within them—up 
to 186 per 1,000 hooks in the first quarter— 
although most of the rates are less than 10 
per 10,000 hooks. 

Little can be said of the general distribu- 
tion of the species. A concentration appears 
in the Gulf of Guinea, off Africa, in the first 
and second quarters, and _ concentrations 
appear along the coast of South America in 
the first and third quarters, related perhaps 
to a South Atlantic concentration in the fourth 
quarter. 

The fact that the concentrations appear off- 
shore and distant from population centers may 
explain why the species has not been recorded 
in the sport fishery. 


SAILFISH AND SPEARFISH 


The status of the spearfishes in the Atlantic 
is not entirely clear; Tetrapturus pfluegeri, 
the longbill spearfish, occurs in the open 
Atlantic, and T. belone occurs only in the 
Mediterranean. In addition there may be one 
other species of spearfish in the Atlantic, 
whose status is presently unclear. The statis- 
tics published by the Fisheries Agency of 
Japan combine sailfish and spearfishes in a 
category almost certainly equivalent to that 
reported by Shiohama et al. (1965) as “‘other 
marlins.”’ 

Ueyanagi et al. (1970) suggest that the 
sailfish lives close to land, while the longbill 
spearfish is found offshore. We assume that 
all concentrations in Figure 12 at or above 
the level of 6 fish per 1,000 hooks are sailfish, 
except for the two in the second and fourth 
quarters in the central North Atlantic. S. 
Hayasi and S. Ueyanagi suggest (personal 
communication) that all of the open sea con- 
centrations shown in Figure 12 may reflect 


the distribution of spearfish rather than sail- 
fish. 

Concentrations of sailfish occur along the 
east coast of South America in all four quarters, 
extending in the second and third quarters 
along the north coast of South America. In the 
second quarter the concentrations reach into 
the Caribbean and the southern Gulf of Mexico. 
Another concentration may be seen on the 
west coast of Africa from about lat 5°N to 
about 10°N in every quarter except the third. 

Most concentrations of sailfish do not go 
much above 6 fish per 1,000 hooks—excep- 
tions occur only in the second quarter in the 
eastern Caribbean with over 35 per 1,000 
hooks and on the north coast of South America 
with over 15 per 1,000 hooks. The concentra- 
tion in the central North Atlantic in this 
quarter, probably spearfish, rises to just over 
14 per 1,000 hooks. 

Figure 2 demonstrates that there has been 
a steady increase in catch per unit of effort of 
sailfish and spearfish during 1956-68, although 
the combination of more than one species in 
the statistics makes interpretation of the 
phenomenon difficult. 


SKIPJACK TUNA 


Longline catches of skipjack have been very 
low—Table 1 shows that in certain years none 
were reported by the Japanese longliners. 
There is a strong suggestion in the data that 
this represents a lack of reporting rather than 
a lack of catch—compare the data in Table 1 
for 1959 with those for 1962. There is prece- 
dent, however, for considering longline catches 
of skipjack at least as an indication of distri- 
bution (Miyake, 1968). 

Figure 13 shows the distribution of the 
catches at a level of 1 fish per 10,000 hooks 
or higher for each quarter of the year. Average 
catches inside the contours are 10 fish per 
10,000 hooks or less, except for one instance 
on the north coast of South America in the 
fourth quarter when the catch reached nearly 
40 per 10,000. In general, catches outside of 
the contours shown are very low. 

Probably the major value of Figure 13 is 
the indication that skipjack are very widely 
distributed in the Atlantic. 
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Tagging and Tag-Recovery Experiments With 
Atlantic Menhaden, Brevoortia tyrannus 


RICHARD L. KROGER! and ROBERT L. DRYFOOS? 


ABSTRACT 


Laboratory tagging experiments with adult and juvenile Atlantic menhaden were 
conducted at Beaufort, N.C., in 1965 and 1969. Tag-recovery experiments were done at 
menhaden processing plants at Beaufort, N.C. Internal ferromagnetic body tags of appro- 
priate sizes are suitable for tagging adults and juveniles, and the tags can be recovered 


effectively on magnets in the processing plants. 


INTRODUCTION 


Information on the movements, mortality, 
and recruitment of Atlantic menhaden are avail- 
able from catch, effort, and length-frequency 
data; but more direct, independent estimates 
of these parameters, derived from mark-recap- 
ture studies, are desirable. We conducted a se- 
ries of laboratory experiments in 1965 to deter- 
mine the best techniques for tagging and han- 
dling adult menhaden. These experiments were 
designed to estimate the amount of tag shed- 
ding and fish mortality that could be expected 
for fish exposed to different techniques of tag- 
ging and handling. Our tag-recovery experi- 
ments were designed to estimate the recovery 
rates for tags which entered each menhaden 
reduction plant. In 1969 we conducted similar 
experiments with juvenile menhaden using 
smaller tags. This paper reports the methods 
we used and the conclusions we reached and 
includes a brief review of former tagging exper- 
iments. 


1 National Marine Fisheries Service, Atlantic Estu- 
arine Fisheries Center, Beaufort, N.C. 28516. 

2 National Marine Fisheries Service, Northeast 
Fisheries Center, Narragansett Laboratory, Narragan- 
sett,R.I. 02882. 


REVIEW OF MENHADEN 
TAGGING 


Since menhaden are mass-processed into meal, 
oil, and solubles, the fish must be marked with 
tags that can be recovered mechanically or elec- 
tronically from the reduction plants. Internal 
metallic tags were experimented with initially 
since they had been found satisfactory to mark 
clupeids by other workers (Rounsefell and Dahl- 
gren, 1933; Dahlgren, 1936; California Division 
of Fish and Game, 1945; Fridriksson and Aasen, 
1950; Bayliff and Klima, 1962; and Newman, 
1970). 

The results from the first attempt, in 1959, 
to mark juvenile menhaden with internal ferro- 
magnetic tags were unsuccessful (Reintjes, 
1963). This tag, a nickel-plated iron toroid, 19.0 
by 4.0 by 1.5 mm, with rough edges, caused 
internal damage to the small menhaden. 

A photoelectric device to detect fish marked 
with biological stains and dyes was designed, 
constructed, and tested during 1959-62 (Reintjes, 
1963). He reported that the naturally occurring 
fluorescence in menhaden and other marine or- 
ganisms made discrimination of marked men- 
haden impractical without modification of the 
photoelectric device. 


In 1961 Carlson and Reintjes (1972) tested 
four internal ferromagnetic tags on captive 
menhaden 115-168 mm long (fork length). They 
found that the most suitable type was a smooth- 
edged stainless steel (Type 420) torus tag, 14.0 
by 2.5 by 0.56 mm, similar to one that had been 
used successfully with small Atlantic herring 
in Norway (Dragesund and Hognestad, 1960). 
When they tagged 75-90 mm menhaden, how- 
ever, most of the fish, including the handled 
controls, died. Carlson and Reintjes also tested 
the recovery of tags by magnets in a menhaden 
reduction plant and found that about 60% of the 
tags entering the plant in fish were recovered. 
They believed the tag recovery efficiency could 
be increased by installation of additional mag- 
nets. 


METHODS OF HANDLING 
EXPERIMENTAL FISH AND 
RECOVERING TAGS 


Menhaden were conditioned to the holding 
facilities so the results of the experiments could 
be attributed to the procedures tested (Bayliff 
and Klima, 1962). Most were captured with a 
haul seine. They were held in rectangular con- 
crete tanks, 5 by 2 by 0.7 m, with rounded cor- 
ners or in circular fiberglass tanks, 2 by 0.8 m, 
continuously supplied with aerated seawater. 
Within 2 days after being captured fish began 
feeding on a mixture of menhaden meal and 
homogenized clams or on commercial trout food. 

Two sizes of tags were tested — one for 
adults and one for juveniles. Juvenile menhaden 
are those in their first year of life and adults are 
those in their second or later years of life. Tags 
measuring 14.0 by 3.0 by 0.5 mm for adult men- 
haden were ground and filed to 6.9 by 1.8 by 
0.5 mm for juveniles. The corners were rounded 
and the edges smoothed to remove the burrs. 
Throughout this paper, larger tags are referred 
to as adult tags and smaller tags as juvenile 
tags. 

In early experiments tags were inserted into 
the fish with a scalpel and forceps, following 
the methods of Carlson and Reintjes (1972). 
An incision was made about 15 mm above the 
origin of the right pelvic fin depending on the 
size of the fish, with a scalpel, and the tag was 
pushed anteriorly through the incision with for- 


ceps. In later experiments the tags were inserted 
with a Bergen-Nautik tagging gun (Fig. 1). 
The tag protruding from the barrel of the tag- 
ging gun punctured the body wall before being 
pushed into the body cavity with the thumb 
plunger. An adult tagging gun was modified to 
facilitate injecting the juvenile tags. Unless 
stated otherwise, these tags were also inserted 
about 15 mm above the origin of the right pelvic 
fin and pushed forward into the body cavity. 

Standardized procedures were followed for 
the experiments. Fish were seined from the 
tanks, placed in 30-liter plastic tubs of seawater, 
tagged, and returned to a tank. In most experi- 
ments untagged menhaden, taken from the 
same group as the tagged fish, were used as 
controls. The sequence of tagging the fish was 
selected randomly. In the first three experi- 
ments fish were anesthetized in the tubs with 
tricaine methanesulfonate (MS-222) at a con- 
centration of 1:26,000, but in later experiments 
they were not. 

Tagging loss, as used in the text, represents a 
combination of the total loss of tags from fish 
that died or shed their tags during the experi- 


Ye 


Figure 1.—Adult tag about to be inserted with the tag- 
ging gun into the body cavity of a yearling menhaden. 


ments. Dead fish were removed daily, and shed 
tags were recovered weekly from the tanks. The 
experiments were terminated after 4 to 16 weeks 
when Type-1 tagging mortality and tag shed- 
ding had ceased. Type-2 tagging mortality and 
tag shedding, which occurs throughout the life 
of a tagged fish, were not investigated in these 
experiments. 

The tag-recovery methods were also investi- 
gated. Electronic detectors and several types 
of magnets were installed at different locations 
in menhaden reduction plants (Fig. 2). Pri- 
mary magnets and electronic detectors recover 
tags early enough in the processing to identify 
the time of capture of the fish. Secondary mag- 
nets recover tags too late in the handling of the 
fish scrap to determine the time of capture. 


The type of magnet installed was dependent 
on the conveyor system of each plant because 
magnets could be placed only in locations which 
did not impede the flow of scrap and which were 
accessible for cleaning. Two- and four-pole 
plate magnets were placed in primary and sec- 
ondary locations in chutes with steep slopes, 
and grate magnets, rotating at 12 rpm to pre- 
vent clogging, were mounted in locations where 
fish scrap dropped through the bars of the mag- 
nets (Fig. 3). Stationary grates and hump 
magnets were unsatisfactory because they 
clogged. 

Tag-recovery test consisted of putting one 
tag in each of 100 whole fish that were to be 
processed with the catches. To compare the 
recovery efficiency of adult tags with that of 
juvenile tags, one of each was placed in each of 
100 fish. The tag-recovery rate for each plant 
was determined as the mean percentage of test 
tags recovered on the magnets from several tests. 


EXPERIMENTAL TAGGING 


The object of the experiments was to develop 
methods of internally tagging adult and juvenile 
menhaden with ferromagnetic tags that could 
be recovered on magnets. The prerequisites 
were that the tagging methods would not cause 
high mortality or tag-shedding rates and that 
they would be simple enough to permit us to 
tag large numbers of fish in a short period of 
time. We were interested not only in developing 
an efficient tagging method, but also in deter- 
mining the amount of tag loss that we might 
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Figure 2.—Tag recovery locations in a typical menhaden 
reduction plant. 


Figure 3.—Rotating grate and two 2-pole magnets 
installed in a transfer chute of a menhaden reduction 
plant. 


expect in the field from both mortality and 
tag shedding. 
Experiment 1 


Objective: To determine if the loss of tags 
treated with antibiotics or disinfectants from 


adult fish was different from that of untreated 
tags. 

Procedure: Four groups of 50 adult fish (mean 
length 122 mm) were selected and tagged using 
the scalpel-forceps method. One group was 
tagged with clean dry tags, another with tags 
treated with Liquamycin (oxytetracycline hy- 
drochloride, a broad base antibiotic), and two 
groups with Roccal (a germicide and disinfec- 
tant) at concentrations of 1:1,000 and 1:10,000. 

Results: The loss of tags treated with Li- 
quamycin was 40%, that of tags treated with 
Roccal was 22-26%, and that of untreated tags 
was 22% (Table 1). 

Discussion: The higher shedding rate of 
treated tags may have resulted because incision 
healing was slowed by the antibiotics. Bayliff 
and Klima (1962) mention that antibiotics can 
slow the rate of healing, although they found 
no increased shedding of antibiotic-treated tags 
in their study. Since untreated clean dry tags 
had the lowest rate of tag loss and were more 
easily handled, they were selected for future 
experiments. 


Table 1.--Experiment 1; effects of an antibiotic and 
a disinfectant on the mortality and shedding in groups 


of 50 adult fish. 


Tag treatment Dead Shed Total loss 
----Number—--- Number Percent 

Liquamycin 4 16 20 40 
1:1,000 Roccal 2 9 11 22 
1:10,000 Roccal 1 12 a3 26 
Untreated 7 4 11 22 
Control 

(not tagged) 1 -— 1 2 


Experiment 2 


Objective: To determine whether injecting 
the tags posteriorly, rather than anteriorly, 
into the adult fish by the scapel-forceps method 
would reduce tag loss. 

Procedure: Two groups of 50 fish (mean 
length 150 mm) were selected. In Group 1 the 
tag was inserted into the fish anteriorly as in 
Experiment 1. In Group 2 the tag was inserted 


Table 2.--Experiment 2; effects of tagging location 
and direction of insertion on the mortality and 


shedding in groups of 50 adult fish. 


Tagging Dead Shed Total loss 
method 
----Number---- Number Percent 
Anterior 2 1 3 6 
Posterior 0) 7 7 14 


posteriorly through an incision 15 mm above 
the pectoral fin tip. 

Results: Insertion of tags anteriorly resulted 
in less tag loss (Table 2). 

Discussion: Since Bayliff and Klima (1962) 
also had similar results, we decided to insert 
tags anteriorly. 


Experiment 3 


Objective: To determine which method of in- 
serting the tags — scalpel-forceps, tagging gun, 
or gun-forceps — causes the least tag loss in 
adult fish. 

Procedure: Fish in groups of 50 (mean length 
131 mm) were tagged using three methods: (1) 
scalpel and forceps, (2) a long-barreled tagging 
gun, and (3) tagging gun and forceps. In method 
3 the tag was pushed deeper into the body 
cavity with forceps because the tag, when in- 
serted with the long-barreled tagging gun, did 
not appear to penetrate deeply enough to pre- 
vent shedding. 

Results: The mortality from all methods was 
low, but shedding of tags inserted with the gun 
was high (Table 3). 

Discussion: Since the tagging-gun method 
was much faster and is not as dangerous to the 
taggers as the other two methods which involve 
an open scalpel blade and since most of the 
tags were probably shed because of poor tag 
penetration with the long-barreled gun, we de- 
cided to conduct all further tests with recently 
purchased short-barreled guns. Short-barreled 
guns, which had about one-half of the tag pro- 
truding from the barrel, injected tags farther 
into the body cavity of fish than did long- 
barreled guns, which had only about one-eighth 
of the tag protruding from the barrel. 


Table 3.—-Experiment 3; effects on the mortality and shedding 
of tagging with scalpel and forceps, tagging gun, and tagging 


gun and forceps in groups of 50 adult fish. 


Tagging Dead Shed Total loss 
methods 

=e, Number Number Percent 
Scalpel and forceps 2 1 3 6 
Tagging gun 2 10 12 24 
Gun and forceps 1 0 1 2 
Control (not tagged) 2 —_ 2 4 


Experiment 4 


Objectives: (1) To determine if tags coated 
with four types of tag lubricants which facili- 
tated loading the guns affected the tag loss or 
speed of incision healing in adult fish; (2) to 
determine the rate of tag shedding with the 
short-barreled tagging guns. 

Procedure: We tagged five groups of about 
50 fish (mean length 160 mm) using short- 
barreled tagging guns. The tags were uncoated 
or were coated with Vaseline, Bacitracin, Baci- 
tracin and Vaseline, or Tetracycline and Vase- 
line. 

Results: Untreated tags had the lowest loss 
(Table 4). The incision healing portion of the 
experiment was conclusive. 


Table 4.—-Experiment 4; effects of tag coatings on the mortality 


and shedding from adult fish. 


Number of 
Type tag fish in 
coating experiment Dead Shed Total loss 
---Number-—-- Number Percent 

Vaseline 50 7 8 15 30 
Bacitracin 50 9 3 12 24 
Bacitracin and 

Vaseline 49 11 4 15 31 
Tetracycline and 

Vaseline 50 6 0 6 12 
Untreated 50 3 2 5 10 
Control (mot tagged) 52 7 _ 7 13 


Discussion: Since the loss of tags coated with 
the Tetracycline and Vaseline mixture was 
slight, we decided to test both the mixture and 
Vaseline again. The low shedding rate obtained 
with untreated tags injected with the short- 
barreled guns in this experiment substantiated 
our belief that the high rate of tag shedding with 
the long-barreled gun in Experiment 3 resulted 
from poor tag penetration. 


Experiment 5 


Objective: To determine if the tag loss from 
adult fish is affected by sticky tag coatings 
which facilitate loading the guns, and if the tag 
loss, as found by Janssen and Aplin (1945), 
Aasen et al. (1961), and Bayliff and Klima 
(1962), is affected by different taggers. 

Procedure: Three taggers each tagged three 
groups of 20 fish (mean length 114 mm). One 
group was tagged with clean dry tags, another 
with tags coated with Vaseline, and a third 
with tags coated with Tetracycline and Vaseline. 

Results: The differences among taggers were 
as great as those among tag treatments (Ta- 
ble 5). 

Discussion: A mechanical means of loading 
tags into the guns eliminated the need to coat 
the tags, and no further experiments on tag 
coatings were conducted. We planned to reduce 
tagger differences in field tagging studies by 
further standardizing the tagging techniques. 


Experiment 6 


Objective: To determine the survival rate of 
juvenile fish tagged with adult tags and micro- 
wire tags (Jefferts, Bergman, and Fiscus, 1963). 

Procedure: Sixty-five fish from a group of 
juveniles (mean length 90 mm) were tagged 
with adult tags. An equal number of fish from 
the same group were tagged with microwire 
tags (1.02 by 0.25 mm) in the head, which is 
the standard location for inserting them. 

Results: Only two fish with adult tags and 
three with microwire tags survived. 

Discussion: Since microwire tags were too 
small to be efficiently recovered with magnets 
and since we also found that they could not be 
recovered with electronic detector systems, we 
discontinued experiments with them. Instead 
we decided to conduct a series of experiments to 


Table 5.--Experiment 5; effects of tag coating and different taggers on the mortality and shedding 


in groups of 20 adult fish. 


Tagger 


3 Total 


Total 


Tag coating Dead Shed loss 


Total 
Dead Shed loss 


Total 
Dead Shed loss 


Total 
Dead Shed loss 


Vaseline 7 4 11 8 3 
Tetracycline- 
vaseline Zi 1 3 5 1 
Untreated 10 4 14 4 0 
Total 19 9 28 17 4 


- -— — Number- - - Percent 
4 10) 4 19 7 26 43 
1 AE 2 8 3 11 18 
2 0 2 16 4 20 33 
7 af 8 43 14 EY) 32 


determine if a smaller version of the adult tag 
would be successful. 


Experiment 7 


Objective: To determine the survival rate of 
juvenile fish tagged with adult and juvenile tags. 
Procedure: Thirty-five fish (mean length 77 
mm) were tagged with adult tags and 41 fish 
of similar size were tagged with juvenile tags. 
Results: The tag loss was 100% for adult 
tags and 59% for juvenile tags (Table 6). 
Discussion: Death caused 97% of the adult 
tag loss, but only 7% of the juvenile tag loss. We 
thought the high rate of juvenile tag shedding 
(51% ) resulted because construction of the gun 
prevented the small tag from being injected far 
enough into the body cavity. The gun was modi- 
fied to give deeper tag penetration in the re- 
maining experiments. Most of the mortalities 
occurred within 3 days, as found by Bayliff and 


Table 6.--Experiment 7; effects of adult ‘and juvenile tags 


on the mortality and shedding in juvenile fish. 


Number of 
Type fish in 
tag used experiment Dead Shed Total loss 
—--Number--- Number Percent 
Adult tag 35 34 1 35 100 
Juvenile tag 41 3 21 24 59 
Control (not tagged) 66 1 -- 1 2 


Klima (1962), suggesting that tagging injuries 
caused death. The tag shedding was 95% com- 
plete within 2 weeks. 


Experiments 8, 9, and 10 


Objective: To compare the losses of adult 
and juvenile tags from juvenile fish and to sub- 
stantiate the results obtained in Experiment 7. 

Procedure: In each experiment, 50 fish (mean 
length 77 mm) were tagged with adult tags and 
50 with juvenile tags, and both groups were put 
into a tank with equal numbers of control fish. 

Results: Nearly 95% of the tagged fish in each 
experiment died, as did 12 to 50% of the control 
fish. 

Discussion: Since many control fish died, we 
assumed some of the mortality resulted because 
of the poor condition of the fish. The most notice- 
able difference, however, between the fish in 
Experiment 7 and those in Experiments 8-10 
was the fullness of their intestines. The fish in 
Experiment 7 had very little food in their in- 
testines, but those in Experiments 8-10 had 
consumed much food and had distended intes- 
tines. In the well-fed fish, tags probably punc- 
tured the distended intestines, but in the starved 
fish, tags evidently slipped past the flaccid in- 
testines without damaging them. Fry and Roe- 
del (1949), after finding that the guts of gorged 
mackerel were likely to be pierced when making 
tag incisions, allowed the fish about an hour to 
digest the food before tagging them. We de- 
cided to further test the effects of intestinal 
contents on juvenile tagging mortality. 


Experiment 11 


Objective: To validate the mortality and tag- 
shedding rates obtained with juvenile tags in 
Experiment 7. 

Procedure: Thirty-five starved fish (mean 
length 82 mm) from the same group used in 
Experiment 7 were tagged with juvenile tags. 

Results: Two fish died and four shed their 
tags. 

Discussion: These starved fish did not suffer 
high tagging mortality rates when tagged with 
juvenile tags. The rate of tag shedding prob- 
ably decreased in this experiment as a result 
of tagging gun modifications. 


Experiment 12 


Objective: To further substantiate the effects 
of intestinal fullness on mortality of juvenile 
fish tagged with adult and juvenile tags. 

Procedure: Fifty fish (mean length 83 mm) 
from a group that had been fed a light diet for 
the preceding 5 days were tagged with adult 
tags, and 49 fish from the same group were 
tagged with juvenile tags. Fifty-one fish were 
used as controls. 

Results: The tag loss was 54% for adult tags 
and 37% for juvenile tags (Table 7). Death ac- 
counted for 48% and 6%, respectively. 

Discussion: Since only 48% and 6% of the 
fish died, as opposed to 95% in Experiments 
8-10, we concluded that fish similar in size to 
those in Experiment 12 have a good chance of 
surviving if tagged with juvenile tags and not 
overfed. As in previous experiments, most of 
the mortality occurred within 3 days and tag 
shedding within 2 weeks. 


Table 7.—-Experiment 12; effects of adult and juvenile tags 
on the mortality and shedding in juvenile fish without 


distended intestines. 


Number of 
Type tag fish in 
used experiment Dead Shed Total loss 
---Number--- Number Percent 
Adult tag 50 24 3 27 54 
Juvenile tag 49 3 15 18 37 
Control (not tagged) 51 0 -- 0 0 


Experiment 13 


Objective: To gain a better understanding of 
the tag-loss rate from juvenile fish under field 
conditions. 

Procedures: We tagged 50 juvenile fish (mean 
length 101 mm) with adult tags and 50 with 
juvenile tags in an estuary and then transport- 
ed them with control fish to the laboratory. 

Results: Eighty-six percent of the adult tags 
were lost, mostly from mortality; 64% of the 
juvenile tags were lost, mostly from shedding 
(Table 8). 

Discussion: No handled controls died, indi- 
cating that mortality, which occurred within 
3 days, was caused by tagging. The fish in this 
experiment contained more food material than 
the well-fed fish used in Experiments 8-10. The 
first fish to die had punctured intestines, sug- 
gesting that mortality of field-tagged juveniles 
may be directly related to the fullness of the 
intestines. Since most previous tag losses had 
resulted from juvenile tags being shed and from 
mortality in fish with excess intestinal contents, 
we devised experiments to test further tag shed- 
ding and to determine further the effects of in- 
testinal contents on tagging mortality. 


Table 8.--Experiment 13; effects of adult and juvenile tags on the 
mortality and shedding in groups of 50 juvenile fish tagged in the 


field and transported to a laboratory tank. 


Type 


tag used Dead Shed Total loss 
----Number----- Number Percent 
Adult 41 2 43 86 
Juvenile tag 11 21 32 64 
Control (not tagged) 0 -- 0 0 


Experiment 14 


Objectives: (1) To determine if different 
amounts of intestinal contents affect tagging 
mortality of juvenile fish; (2) to determine if 
inserting the tag at a different angle than pre- 
viously affects the tag-shedding rate. 

Procedures: Fish (mean length 101 mm) were 
kept in two tanks. Five times as much food 
was given to fish in one tank as was given to 


those in the other for 1 week prior to tagging. 
From each group 70 fish were tagged with 
adult tags and 70 were tagged with juvenile 
tags as in Experiments 7-13. Another 70 fish 
from each group were tagged by pushing the 
tag through the body wall at a 45° angle, in- 
stead of a 30° angle as in previous experiments, 
and then rotating it to a 10° angle before in- 
jecting it into the body cavity. 

Results: The new method of insertion had 
only slightly less juvenile tag-shedding loss 
than the old method (Table 9). The effect of 
intestinal contents on tagging mortality was 
inconclusive. 

Discussion: The fish reduced their food intake 
as the water temperature declined during Octo- 
ber. The intestines in both groups were flaccid 
and not distended. Since no effect of overfeeding 
on tagging mortality could be assessed, the 
data were combined (Table 9). Tag shedding, 
tagging mortality, and incision healing took 
place over a much longer period of time in this 
experiment than in previous summer experi- 
ments and were evidently prolonged because of 
the lower water temperature. 


Experiment 15 


Objective: To determine if applying tags 
either higher in the body cavity than in previ- 
ous experiments or posteriorly reduces tag loss, 
especially shedding, of juvenile tags from juve- 
nile fish. 

Procedures: Five groups of about 40 fish 
each (mean length 101 mm) were tagged with 
juvenile tags. In one group the tag was inserted 


anteriorly at an angle of 30° (as in experiments 
7-13). In the second it was inserted at an angle 
of 45° and rotated to 10° before being injected 
(as in Experiment 14). In the third and fourth 
groups the tag also was inserted anteriorly, 
but the point of insertion was high on the body 
wall above the origin of the right pelvic fin, to 
position the tag above the stomach. In Group 3 
the tag was inserted and injected at a 30° angle; 
in Group 4 it was inserted at 45° and injected 
at 10°. In Group 5 the tag was inserted at the 
origin of the left pectoral fin and injected poste- 
riorly into the body cavity. Five other groups 
were tagged by identical methods with adult 
tags. 

Results: Total loss of juvenile tags applied 
posteriorly from the origin of the pectoral fin 
was less than for all other methods (Table 10). 
With adult tags, the two-angle, low method 
caused the lowest loss. Juvenile tags applied 
by the two-angle methods again caused lower 
tag-shedding rates than those injected at one 
angle. 


Discussion: Juvenile tag-shedding and mor- 
tality rates were reduced to about 5% each 
when the tags were inserted by the pectoral 
method (Fig. 4). The tags did not penetrate the 
viscera, but slid between them and the body 
wall, whereas tags applied by anterior methods 
penetrated the viscera. The total loss of tags 
applied posteriorly from the origin of the pec- 
toral fin, therefore, should not be affected by 
the fullness of the intestines. Bayliff and Klima 
(1962) said tags should not penetrate the vis- 
cera, and they tried to place the tags next to 
the body wall. Evidently the one-angle, low 


Table 9.--Experiment 14; effects of adult and juvenile tags inserted into 


juvenile fish at one angle (30°) and two angles (45° and 10°) on the 
8 


mortality and shedding in groups of 70 juvenile fish. 


Type tag Method Dead Shed Total loss 
——-Nuiber————— Number Percent 

Juvenile 1 angle 4 36 40 57 

2 angles 5 28 33 47 

Adult 1 angle 35 3 38 54 

2 angles 33 3 36 51 

Control (not tagged) 0 -— 0 0 


Table 10.--Experiment 15; effects of adult and juvenile tags on the mor- 


tality and shedding in juvenile fish when tags were inserted anterior- 


ly at one angle (30°) and two angles (45° and 10°) either high or low 


on the body cavity wall and when applied posteriorly from the base of 


the pectoral fin. 


Number of 
fish in 
experiment 


Type tag Method 


Juvenile 1 angle-high 40 


2 angle-high 40 


1 angle-low 39 
2 angle-low 40 
Pectoral 41 


Adult 1 angle-high 45 


2 angle-high 45 


1 angle-low 40 
2 angle-low 30 
Pectoral 40 
Control (not tagged) 20 


Figure 4.— Juvenile tag being inserted with the modified 
tagging gun in the pectoral position. The tag is in- 
jected posteriorly from the origin of the left pectoral 
fin. 


Dead Shed Total loss 
----Number---- Number Percent 
3 11 14 35 
11 6 17 43 
9 20 29 74 
10 10 20 50 
2 2 4 10 
21 al 22 49 
18 0) 18 40 
28 0 28 70 
8 1 9 30 
12 4 16 40 
2 -- 2 10 


method used in experiments 7-13 is the poorest 
of the tested methods for applying both adult 
and juvenile tags in small menhaden. Tag 
shedding, tagging mortality, and incision heal- 
ing were prolonged as in Experiment 14, sug- 
gesting again that these factors are slowed in 
cool water. 


On the basis of results from Experiments 1-5, 
we developed field tagging techniques for adult 
menhaden. With tagging guns we injected clean 
dry tags anteriorly at a point about 15 mm 
above the origin of the right pelvic fin. Per- 
sonnel were instructed to use the same method 
of tag application to minimize tag loss differ- 
ences among taggers. Experimental results in- 
dicated the Type-1 tag loss for laboratory-tagged 
fish (114 to 160 mm) ranged between 10 and 20%. 
This is also our only indication of tag loss in 
field-released tagged menhaden of this size. 

Experiments 6-15 were conducted to estab- 
lish tagging techniques for juvenile menhaden. 
Tags smaller than those used for adults, but 
identical in other respects, were injected posteri- 
orly into the fish from the origin of the left 
pectoral fin with tagging guns which were mod- 


ified to give good tag penetration. To compen- 
sate for the effect of tagging mortality, which 
may be greater in the field than in laboratory 
experiments, we planned to tag sufficient num- 
bers of juveniles so that we would have an 
adequate number of recoveries on which to test 
our hypotheses concerning movement and popu- 
lation structure. 


EXPERIMENTAL TAG RECOVERY 


Tags can be recovered at processing plants 
by two methods. Tagged fish can be located by 
passing the catch through an electronic detec- 
tor system, or tags can be recovered with mag- 
nets from the processed fish scrap. The detec- 
tor system gives more useful recovery data, but 
construction, maintenance, and operation are 
too costly for operation at all the plants (Park- 
er, 1972). Permanent magnets were used for 
tag recovery at all plants. These included mag- 
nets already installed in the plants to collect 
tramp metal and additional magnets installed 
specifically for tag recovery. 

In 1965 experiments were conducted to cal- 
culate the recovery rate of adult tags at differ- 
ent processing plants. The recovery efficiency at 
five plants ranged from 55 to 90% (Table 11). 
Differences in rates of tag recovery resulted 
from a combination of factors such as type 
and location of magnets and plant conveyor 
systems. 

In 1968 and 1969, experiments were conduct- 
ed to determine the recovery rate of juvenile 
tags at different processing plants. Two sizes 
of juvenile tags and the adult tag were tested to 
determine whether recovery efficiency varied 


Table 11.--Estimated tag~recovery efficiency rates 


at five menhaden reduction plants. 


Percentage of test 


Plant Number of tags recovered 
test tags within 4 months 
A 200 56 
B 400 89 
Cc 96 90 
D 196 75 
E 198 55 


Table 12.--A comparison of tag-recovery efficiency rates for three 


sizes of tags- 


Plant Number and type 


tags used in each 


Percentage of tags 
recovered from each 


experiment experiment 
1/3. 1/2 Adult 1/3. 1/2.) Adult 
A 200 -— 200 37 -= 36 
B 100 _ 100 45 -- 80 
c 100 -—- 100 33 -- 59 
D -- 100 99 -- 58 69 
E -- 88 100 -- 39 68 
F LOSS 105 100 49 53 77 
G 200 200 200 92 94 94 
Totals 
1/3 vs. adult 705 700 55 68 
1/2 vs. adult 493 499 68 80 


greatly with tag size. The recovery efficiency of 
the small tags, which were one-third or one-half 
the mass of the adult tag, was about 70% of the 
recovery rate of adult tags at most plants (Table 
12). Plant G had about equal returns for the 
three types of tags, but it is a small-capacity 
plant. Since the one-third- and one-half-sized 
tags had about the same recovery rates, we 
used the smaller tag in the laboratory tagging 
experiments because it seemed less likely to 
damage the fish internally. 


CONCLUSIONS 


1. In summer, tagging mortality usually oc- 
curs within 3 days and tag shedding within 
2 weeks; but both, as well as incision heal- 
ing, are prolonged at the lower water tem- 
peratures encountered in the fall. 
2. Treatment of tags with antibiotics and dis- 
infectants does not decrease the tag loss. 
Injection of adult tags posteriorly by the 
scalpel-forceps method from above the tip 
of the pectoral fin causes more total tag 
loss than does the regular anterior method. 
4. The tagging-gun method is faster and safer 
than the scalpel-forceps method and does 
not increase the total tag loss. 
The total tag loss varies among taggers. 
6. Menhaden as small as 114 mm can be suc- 
cessfully tagged using tagging guns and 
adult tags. 


oo 
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. When tagged anteriorly, juvenile menha- 
den with distended intestines suffer higher 
rates of mortality than do those with flaccid 
intestines. 

8. By most methods of anterior insertion of 
tags in juveniles, mean length about 
100 mm, adult and juvenile tags cause about 
the same total tag loss; however, adult tags 
cause high rates of tagging mortality, and 
juvenile tags cause high rates of tag shed- 
ding. 

9. Juvenile menhaden can be successfully 

tagged using juvenile tags and the pectoral 

method, which eliminates the high rate of 
tag shedding. 

Adult and juvenile tags can be efficiently 

and economically recovered on magnets 

from dried fish scrap at menhaden process- 
ing plants. 


10. 
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An Analysis of the Commercial Lobster (Homarus americanus) 
Fishery Along the Coast of Maine, 
August 1966 Through December 1970! 


JAMES C. THOMAS? 


ABSTRACT 


We have used some life history information and detailed catch and effort data 
from probability sampling of the commercial catch of lobsters to estimate a biological 
minimum size of 89-mm (3! inches) carapace length for maximum sustainable yield. 
In view of this recommendation, the maximum size regulation of 127-mm (5 inches) 


carapace length is unnecessary. 


INTRODUCTION 


A review of the publications concerning the 
lobster fishery along the coast of Maine reveals 
that limited funds have prevented any sustained 
collection of detailed catch (numbers, pounds, 
value; individual lengths, weights; percentages 
of females, shedders, culls) and effort (traps, 
trap-hauls, trap-haul-set-over-days, man-days 
and hours, boat-days and hours) data from this 
commercial fishery. The relatively new Federal- 
State aid program has enabled us not only to 
accomplish these prerequisites but also to 
sample as many sizes as possible of the natural 
population of lobsters within the limitations 
of several types of gear. In addition, this funding 
has enabled us to collect other biological in- 
formation on lobsters that might have manage- 
ment implications, such as (1) size ranges of 
berried females and (2) relationship of premolt 
and postmolt sizes. 


'This study was conducted in cooperation with the 
Department of Commerce, National Marine Fisheries 
Service, under Commercial Fisheries Research and 
Development Act, Project 3-14-R. 

2 State of Maine Department of Sea and Shore Fish- 
eries, Fisheries Research Station, West Boothbay Har- 
bor, ME 04575. 


From this combination of information, we 
have made a first approximation of population 
parameters that are necessary to make manage- 
ment recommendations in accordance with 
some theories in population dynamics. Budget- 
ary limitations still prevent a complete study 
of all the relationships usually analyzed in a 
comprehensive investigation, for example, par- 
ent-progeny or stock-recruitment relationships. 

To make the best use of appropriated funds, 
we used probability rather than intuitive samp- 
ling of the commercial catch. In this way, it 
is possible for this and future surveys to be 
more efficient in terms of determining the 
sample sizes within a prescribed degree of 
accuracy in each of the described catch and 
effort categories. 


Some Aspects of the History of the 
Commercial Lobster Fishery 


Before undertaking the stated objectives, 
we examined the possible effects that regula- 
tions had on the historical catch and effort 
information. One way of evaluating these rela- 
tionships is to juxtapose the regulations on 
the compiled catch in pounds and number of 
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Figure 1. — A summary of some regulations and historical catch and effort data from the commercial lobster 


fishery in Maine, 1930 through 1968. 


traps as reported in ‘““Maine Landings” (Fig. 1). 
Apparently the catch in pounds has increased 
with increasing minimum size regulations in 
1933, 1942, and 1957. Of course, the generally 
higher corresponding number of traps (assum- 
ing more trap-hauls) by year could account 
for the higher catches, whereas Dow (1969) 
advocated the influence of mean ocean tem- 
perature on the catch. Another factor, varying 
recruitment, could cause fluctuations in the 
catch from year to year. 

With this amount of conjecture, it is obvious 
that we need more detailed information on the 
fishery before we can hope to demonstrate 
these types of cause and effect. 


The Lobster Trap: Description 
and Ramifications 


We have described and measured the traps 
presently in use (Fig. 2) not only because of 
* the influence of gear selectivity on the size 
composition of the catch but also because 


bo 


of the possible effect of alterations in this 
gear on catch-per-unit-of-effort values. That 
is, if changes occur in the future and there 
is a continuous survey of the fishery, then we 
can make a determination concerning the in- 
fluence of these factors when compared with 
the present set of conditions. 

The intent of the above concept could be 
applied partially to an informational leaflet 
“The Maine Lobster Pot,’ mimeographed in 
1948 by the Maine Department of Sea and 
Shore Fisheries. That paper described two 
basic designs of traps, (1) the “‘double-header” 
and (2) the “parlor.” The measurements were 
not detailed on trap dimensions, mesh sizes, 
and lath spacings. Nevertheless, we used the 
information to determine if there has been a 
change in the basic design of traps. 

For the present study on traps, we selected 
two areas from each of seven coastal counties, 
with the exception of Sagadahoc where we 
sampled only one area. In each area, we 
measured and noted the design of four traps 
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per fisherman from five different fishermen for 
a total of 20 traps per area. Again there was 
an exception in area 1 of Knox County where 
we only measured the prescribed number of 
traps from four fishermen. As a consequence, 
we sampled a total of 256 traps in all selected 
counties and areas. 
Certainly there are more versions in design 
and dimension of traps than we sampled. In- 
tuitively, I assume that those designs and mea- 
surements approximate the sampled traps. 
The measurements on each trap included: 
(1) the length, width, and height, (2) the lath 
spacing on the side of the trap from the bottom 
through the fifth lath spacing, (3) the wire hoop 
diameter for the entrance port, and where 
applicable, the “skate mouth” width. The 
“skate mouth” is a knitted head in the entrance 
port with no wire hoop. 
Also we noted if the trap in cross section 
was square (usually trapezoidal) or half-round 
and whether each had a parlor, and if so, the 
number. 
Trap measurements and types from all areas 
have the following ranges by category: 
(1) a. Length; 95% of the sampled traps 
vary from 670 to 900 mm (2.20 to 
2.95 ft); while the remaining 5%, 
usually with two parlors, vary from 
1,210 to 1,250 mm (3.97 to 4.10 ft). 
b. Width; varies from 440 to 660 mm 
(1.44 to 2.16 ft) with little demarca- 
tion between traps of different 
lengths. 

ce. Height; the round trap,constituting 
45% of the sampled traps, varies 
from 360 to 410 mm (1.18 to 1.34 
ft); while the square trap, comprising 
55% of the sampled traps, varies 
from 270 to 355 mm (0.88 to 1.16 ft). 


(2) Lath spacings; all types of traps vary 
from 12 to 55 mm (0.47 to 2.16 inches) 
with the narrowest measurement 
usually at the first spacing on the 
side nearest the bottom of the trap; 
the spacings thereafter are more 
uniform. The mean lath spacing is 
30.8 + 0.6 mm (1.21 inches), again 
with no demarcation as to type of 
trap. 


(3) Hoop diameter or “skate mouth” 
width; 86% of sampled traps have 
wire hoops in the entrance ports; 
these hoops vary from 110 to 154 mm 
(4.33 to 6.06 inches) with a mean 
diameter of 128 + 0.6 mm (5.06 
inches). The remaining 14% of the 
sampled traps have “skate mouths” 
which vary in width from 118 to 
194 mm (4.64 to 7.64 inches) with a 
mean width of 150.6 + 3.3 mm (5.93 
inches). 


All of the sampled traps have parlors; usually 
these parlors have no wire hoops in the mouth. 
The parlors and heads are usually knitted from 
nylon twine. In both cases the mesh sizes range 
from 50 to 77 mm (1.97 to 3.03 inches), stretched 
mesh, knot to knot. 

Based upon the measurements from this 
study, we concluded that trap designs and 
measurements vary between fishermen and 
areas and that each fisherman may alter the 
design from trap to trap (Table 1). At first 
this is an alarming situation in regard to gear 
selectivity and its possible influence on the 
length composition of the catch. The subse- 
quent collection and analysis of length fre- 
quencies from the commercial catch, coupled 
with the 10 to 15:1 throwback ratio of sublegal- 
to legal-sized lobsters from area to area (per- 
sonal observations), make it logical to assume 
that most of the present-day traps have a mean 
selection range below the minimum legal size 
of 8l-mm (approximately 3-3/16 inches) cara- 
pace length. 

The influence of the variable measurements 
and trap design on catch-per-unit-of-effort 
values cannot be resolved because of the man- 
datory sampling design for the survey of the 
commercial fishery. There is a possibility that 
this situation could cause some of the aber- 
rancies in the catch and effort section. 

The trap design from the current study com- 
pared to the description in 1948 reveals that 
there has been a change from the “double- 
header” to the “parlor” traps. We found that 
the two most widely used types in cross section 
are (1) the half-round, and (2) the square 
(usually trapezoidal) traps. Both types usually 
have one or two parlors. Evidently, fishermen 
believed that parlors in traps reduce escape- 
ment. 
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The stimuli for this change to parlors could 
be associated with (1) the conversion to the 
hydraulic hauler by the majority of fishermen, 
and (2) the more powerful engines resulting 
in faster boats. These factors possibly led 
to an increase in the number of traps and 
trap-hauls per fisherman. If the number of traps 
set out exceeded the number that could be 
hauled in a day, then there would be an increase 
in the number of set-over-days, thus creating 
the reason for a change to a trap design 
that might reduce escapement over time. Of 
course there could be many more explanations 
for this change, but this speculative premise 
seems most plausible. 


BIOLOGICAL NOTES 


In accordance with the stated objectives, 
but as a supplement to the probability sampling 
plan for the commercial lobster fishery, we 
calculated: (1) the premolt and postmolt rela- 
tionship, (2) the size ranges of berried females 
in relation to size at maturity, (8) the fecundity 
of females from historical data, and (4) the 
alternatives to the maximum size limit. 

These relationships either have management 
implications or make it possible to compare 
these collected data with measurements in 
other publications. 


Premolt and Postmolt Relationship 


We calculated the premolt and postmolt 
relationship to help in determining the percent 
increase in carapace length with shedding. 
This has direct application in the analysis of 
the length frequencies in the commercial catch. 
In addition, the calculated regression coeffi- 
cients can be compared with the corresponding 
estimates by Wilder (1953) in order to determine 
if there were differences. 

We collected lobsters from along the coast 
and held them in laboratory tanks if they 
appeared ready to molt. Of these, 44 lobsters 
shed (33 males and 11 females). They ranged 
in premolt sizes from 20- to 176-mm carapace 
length. 

The premolt and postmolt lengths are linear 
in character; therefore, we ran a linear re- 
gression and solved the equations by the method 
of least squares, where (x) is the premolt 


carapace length in millimeters. These equations 
by category are: 


y = 0.64986 + 1.075782 (males) 
-0.46448 + 1.09612 (females) 
y = 0.59543 + 1.07619x (sexes combined). 


The 95% confidence limits about the slopes 
or b values are + 0.10142, + 0.19753, and 
+ 0.04352 respectively. 

Using these solved equations, the increase 
in carapace length is about 8%. Wilder (1953) 
and Dow (no date) calculated a 14% increase 
in length; however, both authors demonstrated 
some variability in the growth of individual 
lobsters by size and sex. 

Wilder (1953) cautioned that lobsters held 
in tanks in the laboratory before ecdysis might 
not increase in length at the same percentage 
as those lobsters in the natural environment. 

Cognizant of these factors, we analyzed the 
length frequencies of the commercial catch 
by two methods: (1) 14% increments in cara- 
pace length and (2) probability analysis as 
described by Harding (1949) and Cassie (1954). 
With the latter method, the percent increase 
between certain consecutive modes does ap- 
proximate the 8% that we calculated from the 
laboratory study. 


<2 
ll 


Berried Female Measurements 


To aid in determining the range of sizes 
that female lobsters become mature (extrude 
eggs), we have measured the carapace lengths 
of berried females each year since 1966. 

The State purchases these females from 
pound owners. Perhaps some background on 
this operation would be beneficial: 


In order to fill the pounds (usually in May) with 
boat-run, legal-sized lobsters for the summer demand, 
pound owners in Maine purchase males and non- 
berried females from fishermen in this State and 
from dealers in Canada. From the time these lobsters 
are impounded until they are sold in July or August, 
some of the females become berried. Because it is 
illegal to sell berried females on the market, the 
pound owners have an arrangement to sell these 
berried females to the Department of Sea and Shore 
Fisheries; then the coastal wardens cut a “v” notch 
in the telson and release these females in the ocean. 


I will not comment on the validity of such a 
management plan; however, if the intent were 


to provide an adequate spawning stock, then 
certain sections in this paper offer alternatives 
for consideration. 

Returning to the initial objective, I reasoned 
that by measuring these berried females, separ- 
ated from all of the reclaimed lobsters, and by 
asking the pound owners the origin of the 
stock (Maine or Canada) and when he im- 
pounded them, we would gain information on: 
(1) time of egg extrusion, (2) size at egg ex- 
trusion, (3) possible differences in the preced- 
ing categories between Maine and Canadian 
stocks. 

I must reiterate that there is an 81-mm (3-3/16 
inches) and 127-mm (5 inches) legal minimum 
and maximum carapace length in Maine. There- 
fore, the berried female measurements should 
fall anywhere within that range. 

On the basis of this study, I believe that 
females extrude their eggs sometime between 
May and July. In this regard, there is no dif- 
ference between Maine and Canadian stocks, 
at least when kept in pounds in Maine. To 
further attest to the period of egg extrusion, 
pound owners maintain that fall impoundments 
of lobsters have not resulted in any berried 
females when the lobsters are reclaimed in 


the winter. 


For the native stock in pounds, the average 
length of berried females is 102-mm (approxi- 
mately 4 inches) carapace length, with a size 
range from 83-mm (approximately 3-14 inches) 
to 127-mm (5 inches) carapace length (Table 
2). I concluded from this information that most 
females in coastal waters off Maine are not 
mature until they are between 90- and 100-mm 
carapace length. 

It appears that females from certain parts 
of Canada extrude their eggs at a smaller size 
than the stocks from Maine. Whether this is 
environmentally and/or genetically linked, it 
is impossible to determine from these data. 

Comparing this information on the possible 
size at maturity with the size composition of 
the commercial catch led us to an immediate 
decision to study this relationship in more 
detail. Krouse (1971)? examined gonads of 
males and females from 1968 through 1970, 
and his results compare favorably with the 


3 Krouse, J. S. 1971. Maturity, sex ratio, and size 
composition of the natural population of the American 
lobster (Homarus americanus) along the coast of Maine. 
Maine Dep. Sea Shore Fish., Completion Rep., Proj. 
3-14-R, 17 p. (Manuscr.) 


Table 2.— Carapace measurements of berried females taken from lobster pounds in Maine. 


Range in Mean 
Sample length ength Standard Standard 

Year Date Sampling location Type of stock size (mm) (mm) deviation error 
12 July Boothbay Harbor, Maine | Native-local 56 88-124 109.09 (5 ak4/ | 1.09 
ve 22 July Medomak, Maine Native-local 15 84-127 01.44 8.39 -97 
roy 26 July Vinalhaven, Maine Native-local 51 86-122 107.18 7.20 1.01 
aS 18 August | Tenents Harbor, Maine Native-local 217 85-126 101.07 8.23 56 
18 July | Pigeon Hill, Maine Native-local 16 87-126 | 104.31 10.91 2.73 
20 July East Boothbay, Maine Native-Nova Scotia 49 88-125 02.92 9.92 1.42 
27 July Hancock, Maine Native-Canadian 41 79-121 97.00 Als} qale 2.05 
27 July Sunshine, Maine Native-local 4) 92-121 08.27 7.46 ak oaliy/ 
29 July Camden, Maine Native-Canadian 52 83-120 98.92 7.96 ia alo) 
wo 2 August | Beals Island, Maine Newfoundland 4g 81-116 90.31 7.47 1.07 
oS 2 August | South Addison, Maine Nova Scotia-Newf'ld 4g 81-116 89.86 6.90 -99 
2 August | Friendship, Maine Native-local 51 86-125 03.71 6.89 -97 
9 August | Jonesport, Maine Native-Canadian 50 80-124 92.22 9.11 1.29 
9 August | Beals Island, Maine Newfoundland 51 80-105 88.45 6.58 92 
9 August | Hancock, Maine Native-local 23 95-123 08.74 7.68 1.60 
12 Sept. Boothbay Harbor, Maine | Native-local 50 84-120 95.12 8.57 1.21 
10 July Boothbay Harbor, Maine | Native-local 68° 85-117 101.78 7.99 ~OT 
11 July Friendship, Maine Native-local byl 90-125 05.16 7.93 abgalak 
11 July Friendship, Maine Native-local 35 88-118 102.63 7.77 ie she 
) 15 July Trevett, Maine Magdelein Island 133 79-112 87.10 6.09 o'5}S} 
oo 22 July Sunshine, Maine Native-local 23 98-119 107.61 5.19 1.08 
oF 22 July Stonington, Maine Native-P.E.I. 19 84-116 97.74 nally 2.56 
24 July Friendship, Maine Native-local 63 90-127 06.91 8.33 1.05 
25 July South Addison, Maine Nova Scotia-Newf'ld 217 81-113 90.61 6.27 43 
4 Sept. Stonington, Maine | Native-P.E.1. 25 82-119 98.24 8.72 1.74 
= 11 July Friendship, Maine Native-local 29 7-122 102.72 9.30 173 
wo 14 July Boothbay Harbor, Maine | Native-Canadian 51 82-119 100.37 9.23 1.29 
oy 28 July Trevett, Maine Magdelein Island 60 81-100 87.70 4.31 -56 
31 July Jonesport, Maine Magdelein Island 129 80-127 89.34 8.06 Sat 
= 7 July Friendship, Maine Native-local 5 3-115 97.91 8.70 1.16 
= 8 July Trevett, Maine Native-local 105 83-119 98.26 8.40 82 
es 17 July Southport, Maine Native-local 140 83-119 98.25 7.79 66 
22 July Beals Island, Maine Canadian 259 80-115 90.68 7.51 47 
Native-local 5 726 
Native-Canadian -61 
Canadian -23 

Total 


determinations from the berried female mea- 
surements. I decided from this that the measure- 
ments on berried females do serve as an indi- 
cator of the size at maturity. 


Implications for management. — On 
the basis of the preceding information and the 
length frequency section of this paper, we 
speculated that the population has been at a 
precarious limit to ensure an adequate parent- 
progeny relationship or derivatives thereof along 
the coast of Maine. 

It could be argued that the program of berried 
female releases is an attempt to ensure an 
adequate relationship. Considering the possi- 
bilities of (1) a high mortality of the resultant 
larvae from females and (2) the relatively few 
females that reach a size to extrude eggs, let 
alone to the protected size of 127-mm (5 inches) 
carapace length in this commercial fishery, 
we could only conclude that the parent-progeny 
relationship should be given more consideration 
in order to ensure an adequate number of 
recruits to the commercial fishery. 

There have been examples of parent-progeny 
relationships or derivatives thereof being den- 
sity dependent (Ricker, 1958). Other limiting 
factors could be predation, environmental vari- 
ables, and amount of food available to the larvae. 
Assimilating the information on the present 
condition of the commercial fishery for lobsters, 
I cannot accept the possibility that this popu- 
lation is limited by these conditions. 


Fecundity 


Taylor (1947), using the gravimetric method, 
estimated the number of extruded eggs for 
each of 10 berried females. The number of 
eggs appear to be dependent on the size of 
the female; for example, a female of approxi- 
mately 83-mm (3-%4 inches) carapace length 
has an estimated 9,835 eggs while a female 
of approximately 121-mm (4-34 inches) cara- 
pace length has an estimated 38,047 eggs. 

The above data are so limited in the number 
of observations that I will not include the cal- 
culated regression equation. However, Perkins 
(1971) did calculate curvilinear regressions for 
196 berried females from several offshore areas. 
His calculated number of eggs compare favor- 
ably with those of Taylor (1947). 


Consideration of the Maximum 
Size Limit 

In the light of the foregoing considerations, 
this might be an opportune time to discuss 
the maximum size limit in Maine. The original 
intent of this regulation was to protect larger 
females because they carry a greater number 
of eggs. 

The length frequencies from the commercial 
catch demonstrate that most females are caught 
not only before they reach this maximum size, 
but even before they reach a size to extrude 
eggs. Therefore, an alternative to the present 
minimum and maximum regulations would be 
to raise the minimum size and remove the 
maximum size limit. In this way, we can expect 
a greater number of the first mature females 
to produce more eggs than the relatively few 
larger mature females that make it through 
the commercial fishery to the protected size 
at 127-mm (5 inches) carapace length, even 
though any sized berried or “‘v’’ notched female 
cannot be legally taken. Dow (1955) made a 
similar recommendation in regard to the maxi- 
mum size limit. 

Of course it is not good management to 
increase or eliminate a size limit on the basis 
of maturity and fecundity alone; such things 
as age and growth, natural mortality, and fishing 
mortality must be considered. The section on 
yield will discuss these requirements; therefore, 
the recommendations for the minimum size 
are delayed until the yield section. 


PROBABILITY SAMPLING PLAN 


To survey the commercial fishery by proba- 
bility sampling, we developed a multistage 
sampling plan with stratification. Because of 
manpower and monetary limitations, it was 
necessary to set up the sampling plan in the 
following manner: 


(1) List the days within a year or time period 
as the primary sampling unit. 

Due to the regulation of no Sunday fishing 
during June, July, and August and the 
limited fishing activity during this day 
in other months of the year, stratify this 
day from the others, when applicable, 
by proportional allocation. 


(2 


a 


wa 


(3) List the lobster buyers that had five or 
more boats fishing for them as the second- 
ary sampling units. From this list we 
compiled a dealer-code which represents 
the county and the number assigned to 
each dealer in that county (Fig. 3). 

(4) Interview all of the lobstermen who de- 
livered their catches on sample-days 
during the period of maximum landings, 
12:00 noon to 5:00 p.m. In addition, we 
selected a random cluster of 10 lobsters 
per boat. 


It was only possible to sample 10 days a 
month due to commitments to entirely different 
jobs still within this project. 

From the interviews and the cluster samples, 
we compiled the following information by boat: 


(1) Total catch in pounds 
(2) Total catch in numbers 
(3) Total hours expended for catch 
(4) Total number of traps hauled for the day 
(5) Number of days set-over for the hauled 
traps 
(6) Total number of traps-set-out 
(7) From the cluster of 10 lobsters, we made 
individual determinations of: 
(a) carapace length (millimeters) 
(b) weight (grams) 
(c) sex 
(d) cull or normal 
(e) shedder or hard-shell. 


This information was tabulated in a format 
of five boats per sample sheet (Fig. 4), then 
these sheets were summarized by day (Fig. 5), 
month, and year with an additional calculation 
of catch in numbers per trap-haul-set-over-day 
after August 1967. The ratios of catch per 
unit of effort and the variances were calculated 
using these formulas: 


(1)R = y/x; 


(2) pil =f [Pigg = PAU oan sy Daj 
Vn x n-1 


In addition to the summary compilations, 
we calculated the average length and weight, 
percentages of females, shedders, and culls. 


The estimates and variances were calculated 
using these formulas: 


(GU ae 
j DNij 
i. &(xj;-x.)? 
(A) Ue) = Aa ie 


Probability sampling also enabled us to make 
unbiased estimates in the prescribed categories 
on a monthly and yearly basis for all of the 
dealer-days in the survey. In this case, the 
estimates and variances were calculated using 
these formulas: 


(1) Xpij = Xhijk; 


U 
(2) Xpi = Gr = Xhij 


N 
(3) xp, = ra LVXAjs 
Sx72)2 
(4) 0, = N? 23? pj ee 
h n(n-1) 
[oil lreeeoue, Ud 
Le Moe wag [ 
Ge Ae clne cle 
h = 1,2 


Methods for Improving Survey 
Estimates 


Another important determination can be made 
from the expanded estimates of the survey, 
that is ways to improve the precision of these 
estimates and, in fact, include the entire fishery 
in the sampling. 

After completing the sampling and expanded 
estimates for 1967 and 1968, we determined 
by optimum allocation the number of days 
that we should sample a month with a 15% 
standard error of the estimate. We were not 
optimistic about reducing the maximum of 10 
days that we have to sample per month because 
of the restriction of the total number of days 


yal 
=I 
Y-11 


KITTERY 


JONESPOR’ 


ROCKLAN 


PORTLAND 


WISCASSET 


Figure 3. — Sampling locations along the coast of Maine where the letter represents the county 


and 
C for 


Cumberland, S for Sagadahoc, L for Lincoln, K for Knox, H for Hancock, and W for Washington. 


, 


the number represents each dealer in that county. The county designations are: Y for York 
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COMMERCIAL LOBSTER SAMPLING 


Date 13 AUGUST 1968 Sampler BURKE-ROBINSON-KAZIMER 
Dealer (code no) Y-6 Sampling fraction : 

$ Flge eam ec A 
Price per pound 90 


IF NOT BOAT RUN, USE PRICE CATEGORIES 


) Total calich in 
pounds 


mie of interview 
military) 

4) Time left dock 

Vito pull traps 

) No. of traps for 
days catch 

6) Fotal no.of traps 
set out 

7) No. of people in 
boat crew 


No.of days 
) set over 


9) Sample o 


mara’ 


lobsters 
) L. Pinch miss 
)R. Pinch miss 
)B. Pinch miss 
) 
) 


tes 
5S b I27 


O 
ee) 
2 
i2 


A 
B 
C 
S) Soft shedder 
Hard 


LY\ 


H 


i> 
i> 


i> 


0 co 
S O 
CO pS Oo 
ey | ©) | ey] oy | oy | oy] © 
i> 


Totals 


Number of lobsters 


Comments: Time 12:00 Tide :FLOOD 

Surface Bottom 

Temp: 62°F 60°F 

DIO @: 6.0 

PH : 8.0 

GOR: 15.0 

fa 
Salinity: = 


Figure 4.— Actual sample sheet of catch and effort information compiled by boat and day. 
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CATCH STATISTICS 


Dealer Y=!6 Day 13 Month AUGUST Year 1968 


1. Total catch in pounds 199 h199 
2. Total catch in numbers 183 $ 
3- Total value of catch 179.10 6179.10 
4. Total number of females insample 32 
5. Total number of males insample 18 
6. Total number of trap-hauls 404 
7- Total number of traps setout 764 
8. Total number of man-days 6 
9. Total number of man-hours 3150 
10. Total number of boat -days 5 
11. Total number of boat -hours 25.08 
12. Mean weight of lobsters incatch 109 
13. Catch in pounds /trap-haul Ad 
14. Catch in numbers /trap-haul 45 
15. Catch in pounds /man-day SSal 
16. Catch in numbers /man-day 30.50 
17. Catch in pounds /man-hour 6.32 
18. Catch in numbers /man-hour 5.81 
29. Catch in pounds/boat -day 39. 80 
20. Catch in numbers /boat -day 36. 60 
21 Catch in pounds /boat-hour 293 
22 Catch in numbers /boat-hour 7. 30 
23. Value/trap-houl $ 44 
Rid Vallveyimen-day ! 22985 
25.  Walue/man-hour 5.69 
26. Value/boat -day $35.82 
27. Value/boat -hour 7.14 
Figure 5.— Summary sheet of collected data for the sample-day. 


in a month; nevertheless, we felt an attempt 
should be made in accordance with the method- 
ology as outlined by Abramson and Tolladay 
(1959). As mentioned above, the limitation of 
usually 30 days in a month resulted in some 
months with a greater number of sample-days 
than there were total days in that month. In 
addition, the 1967 optimum allocation (dis- 
regarding the feasibility) when applied to the 
1968 data was unsuitable for the desired esti- 
mates and confidence limits (Table 3). 

Of course the alternative is to stratify the 
year into larger periods (groups of months), 
but as the catch effort, length frequency, and 
mortality sections demonstrate, we would lose 
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needed data by month and the resultant anal- 
yses. Therefore, we accepted the results of 
10 days of sampling per month with its large 
standard error for certain months of the year. 
Even in this situation the total yearly expanded 
estimates have acceptable standard errors of 
approximately 15%. 


Expanded Estimates From 
Probability Sampling 

Probability sampling of the commercial lob- 
ster fishery enabled us to make estimates of 


the total catch and effort (by several categories) 
for the collective total of 153 dealers and all 


Table 3. — Optimum allocation required for 0.15Y, 90% 
confidence limits in 1967 compared with true optimum 
allocation of sample size for 1968. 


1967 1968 ny 1967 ny 1968 
Strata Allocation Allocation n n 
I 20.9 3.9 073 -O021 
II 13.2 2.9 O46 016 
Tit 6.9 Stor h 024 021 
IV 4.3 6.2 015 -035 
Vv 32.9 25. 115 140 
VI 39.6 12.4 138 -069 
VII 12.2 9.9 o42 055 
VIII 26.0 32.8 091 -183 
IX 32.6 41.2 -114 230 
xX 29.4 40.8 -102 228 
XI 43.5 -- oalianh -- 
XII Cf -- -089 -- 
n = 287.2 178.9 


of the days by year from 1966 (partial year), 
through 1970 (Table 4). 

These estimates include many catch, effort, 
and catch-per-unit-of-effort categories that are 
not reported in “Maine Landings.” The com- 
parable estimates of catch in pounds, numbers, 
and number of traps that are reported in 
“Maine Landings” must exceed the estimates 
from the survey because of the necessary con- 
straints of the sampling period and the fact 
that we cannot efficiently sample individual 
fishermen who retail their catches. 

Aside from the absolute need of detailed 
catch, effort, and catch-per-unit-of-effort data 
in order to make management recommenda- 
tions, the expanded estimates might have the 
following additional useful purposes: 


(1) Gulland (1965) and others have advocated 
the use of catch-per-unit-of-effort sub- 
samples in relation to the actual total 
catch (as reported in “Maine Landings’’) 
in order to estimate the total effort in 
more pertinent categories than just the 
number of traps. 

The survey totals by month or year could 
serve as indices by category of what 
actually occurs in the entire fishery. 
These indices after a series of years 
might make it possible to again compile 
a figure of total catch with effort by year 


13 


with the juxtaposed regulations and then 
make some meaningful determinations 
about the fishery, particularly since this 
effort could be in several categories 
rather than the only previously available 
category of number of traps. 


Cluster Samples 


The cluster samples of 10 lobsters per boat 
are vitally important to this study not only for 
the lengths, but also for the weights, and per- 
centages of females, culls, and shedders. All 
of these categories have varying degrees of 
importance on the assessment of the popula- 
tion. The following sections demonstrate how 
each category is used. 


Length frequency analysis. — In this 
paper, lobster lengths are the basic building 
blocks for estimating most population param- 
eters. With this degree of importance, we 
included the compilation of the number of 
lobsters by size, sex, month and year (Table 
5). These data will also make it possible for 
the reader to make any other determinations 
that he wishes. 

We used actual numbers or percent frequen- 
cies to analyze the data in two ways: (1) 14% 
groupings of length and (2) 1-mm increments 
of length with the probability method. 


Analysis by 14% increments. — I chose 14% 
increments because they closely approximate 
the calculated percent increase in carapace 
length with ecdysis for legal-sized lobsters 
from the premolt and postmolt section and from 
the study by Wilder (1953). 

On this basis, we separated the carapace 
lengths in millimeters into groupings of 81 
through 92, 93 through 106, 107 through 122, 
and 123 through 127 (the legal maximum size 
in this State). It is not logical to assume that 
an age or molt group starts at 81 mm rather 
than extending below this size. I will discuss 
this in the section comparing 14% increments 
with the probability modes. 

Silliman (1943), Beverton and Holt (1957), 
and Ricker (1958) have discussed the assump- 
tions that must be met when using length fre- 
quencies in place of the age composition. We 
cannot determine the age of any lobster that 
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we sampled because lobsters shed all of their usually creates more uncertainties because 


hard parts. Therefore, we should have addi- of an additional set of assumptions) or a genetic- 
tional corroboration on the age and growth biochemical approach such as that in studies 
relationship either by a tagging program (which on the aging process in humans. 

Table 5. — Carapace length frequencies from cluster samples of lobsters, compiled by sex, month, and year, 1966 (partial 


year) through 1970. 


ae 
cag August September | October November December Total 
= Males Females Totals Males Females Totals Males Females Totals Males Females Totals | Males Females Totals is Males Females Totals 
4 3 7 4 uz 11 2 4 6 2 4 6 - 2 = 12 18 30 
14 11 25 17 11 28 12 13 25 7 10 17 2 - 2 52 45 97 
10 Us}, 2483 18 19 37 10 13 23 9 9 18 4 8 12 51 62 113 
14 9 23 13 17 30 13 22 35 14 11 25 3 4 7 57 63 120 
12 16 28 16 15 31 13 15 28 13 11 24 3 10 13 57 6724 
16 16 32 14 9 23 18 22 40 11 13 24 6 6 12 65 66 131 
19 15 34 26 21 47 15 12 27 8 19 27 6 9 15 74 76 150 
12 11 23 15 17 32 18 13 31 10 7 17 2 10 12 57 58 115 
25 17 42 9 9 18 13 13 26 ls} 12 25 4 8 12 64 59 R123) 
17 25 42 14 19 33 11 22 33 13 9 22 v/ 5 12 62 80 142 
18 14 32, 13 25 38 13 11 24 5 3 8 5 8 13 54 Git 
20 19 39 18 15 33 18 15 33 5 4 9 3 6 9 64 59° 1/23 
16 8 24 15 17 32 13 ©) 22 6 3 9 2. 7 9 52 44 96 
16 12 28 15 18 33 17 19 36 7 1 8 4 5 9 59 55 114 
12 11 23 19 10 29 11 6 17 4 4 8 - 3 3 46 34 80 
5 5 10 6 7 13 8 1 9 1 2 3 - 20 15 35 
6 4 10 10 6 16 1 1 2 1 - 1 1 1 18 12 30 
4 2 6 5 3 8 4 3 7 3 1 4 16 9 25 
4 2 6 - 1 1 2 2 4 1 1 - 6 6 12 
3 1 4 2 3 5 1 - 1 - - 1 1 6 5 11 
1 - 1 1 1 2 2 2 4 1 5 
1 - 1 1 1 2 1 - 1 - - 3 1 4 
1 1 1 1 2 - 1 1 2 - 2 3) 3 6 
- : 2 4 6 3) 3 - : 1 1 2 8 10 
1 - 1 - 1 1 2 2 - - 3 1 4 
2 1 33 1 - 1 - 3) 1 4 
- = = - 1 1 - 2 2 - - 3 3 
1 2 3 3 1 4 - - - - - - 4 3 i, 
1 - 1 2. - 2 - - 3 = 3 
1 2 3 1 2 3 1 2 3 1 1 3 7 10 
2 2 2 - 2 2 2 - - - 4 2 6 
1 - 1 1 1 - - - - - 2 = 2 
1 1 2 - - - - - - - - 1 1 2 
- es = 1 1 - 1 - 1 
1 1 1 1 - 2 - 2 
1 1 - - - - 1 1 
e 1 1 1 1 
1 1 2 1 1 - 1 2 3 
1 1 1 - 1 1 1 2 3 
- - 1 1 1 1 
1 1 - 1 1 
2572S 268 262 220 230 136° 124 
480 530 450 | 260 
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In addition to the expressed deficiencies, 
there is a disturbing hypothesis that all lob- 
sters regardless of sex in any given age or 
molt class may not shed in each year (Wilder, 
1953 and Cooper, 1970). It follows then that 
it would be meaningless to proceed further 
with estimates from length frequencies of the 
needed population parameters on age and 
growth and mortalities. However, if we accept 
the possibility of a fairly constant percentage 
of an age or molt class shedding each year 
over two or more years, then we have not 
affected the estimates from the 14% groupings 
that we need. In fact, Taylor (1948) stated 
a similar premise in connection with converting 
length groups to age groups. 

If the constant percentage premise were not 
the case, I would expect the 14% increments 
of carapace length compiled on a monthly 
and yearly basis to be extremely erratic in 
relation to each other. Of course, there are 
other factors which might influence the fluc- 
tuations in percentage from period to period, 
such as sample size, effort, and year class 
strength. Nevertheless, these fluctuations do 
not mask certain characteristic patterns in the 
size composition of the catch (Fig. 6). That is, 
from year to year there is usually a gradual 
increase in the percent frequency of the group- 
ings from 81 through 92 mm for males, and 
for females from August through December 
in each year. Conversely, these same years 
and groupings usually display a gradual de- 
scendency from April through June. In this 
case, I believe, the length frequencies ade- 
quately portray the pattern of the size or molt 
composition of the commercial population be- 
fore and after shedding. 

In fact, the section on catch and effort sup- 
ports the concept of shedding and resultant 
recruitment influencing the length composition 
of the catch. That is, as the monthly catch- 
per-unit-of-effort values decline (April through 
June) with increasing effort, the length fre- 
quencies by 14% groupings from 81 through 
92 mm also decline by month until shedding 
and resultant recruitment occurs in July and 
subsequent months; then the catch-per-unit- 
of-effort values increase as usually does the 
percentage of carapace lengths from 81 through 
92 mm. 


We are also able to make general statements 
about the fishery from these length frequencies. 
For example, in the coastal waters of Maine 
at least 60% (usually 80% or more) of the catch 
by size and month occurs from 81- (38-3/16 
inches) through 92-mm (3-5/8 inches) carapace 
length. Even if we accept the possibility of 
a segment of lobsters not shedding (at least 
in the legal size range), the lobster industry 
would be in immediate economic ruin because 
it appears that most animals are caught soon 
after recruitment from the sublegal to legal 
size through shedding. 

I am compelled to note here that it is 
almost inconceivable to work on a commercial, 
long-lived species whereby over 80% of the 
yearly catch is constrained within 14-inch inter- 
val in carapace length. 


Analysis by probability paper. — Keeping 
to the advisability of analyzing length frequen- 
cies in different ways, we used probability 
paper to pick out modes from the accumulative 
percentages of carapace lengths of lobsters 
that are captured by commercial and research 
gear. The combination of the two types of 
sampling allowed us to subject a wider range 
of lobster lengths to the probability method 
described by Harding (1949) and Cassie (1954). 

In this method, gear selectivity should be 
considered for the two types of sampling be- 
cause this factor alone may have an effect 
on the location of the modes. Krouse (1971, 
see footnote 3.) determined that wire traps 
(1- xX 2-inch and 1- X 1-inch mesh) have a 
selective range down to at least 50-mm cara- 
pace length and that lobsters appear to be 
fully vulnerable between 68- and 70-mm cara- 
pace length. As discussed previously, the com- 
mercial gear possibly has a selective range 
below the minimum legal size while the com- 
mercial-sized lobsters appear to be fully vul- 
nerable at 85-mm carapace length. This mode 
might also coincide with an assumed age or 
molt class. To support this contention, we 
found a similar mode for the catch from re- 
search sampling gear (Krouse, 1971, see foot- 
note 3.) It seems unlikely that this similar mode 
in length frequencies from research and com- 
mercial gear would occur by chance. 


The length frequencies by sex of the com- 
mercial catch are similar; therefore, we com- 
bined these data for the probability analysis. 
To further examine the assumption regarding 
the similarity of the size composition between 
the sexes, we simply plotted the accumulative 
percent frequencies by sex on probability paper 
by month and then year. The inflexion points 
are approximately the same, indicating that 
the probability method would yield almost iden- 
tical modes. 

At first this situation seems to be in conflict 
with the expectation that mature females extrude 
their eggs in one year and usually carry them 
externally into the next year before these eggs 
hatch and the female possibly molts. The elapsed 
time for nonshedding of mature females could 
be 18 or more months. Therefore, with a cer- 
tain percentage of males shedding each year 
and a regulation protecting “v’ notched or 
berried females, there should be a difference 
in the size composition between males and 
females. The section on berried female mea- 
surements helps to explain this apparent anom- 
aly, in that those length-frequency data lead 
me to believe that the majority of native females 
are caught before they extrude eggs. This 
situation could account for the similarity in 
the length frequencies by sex in the commercial 
catch. 

The probability method on the length fre- 
quencies of the commercial catch by year re- 
vealed similar curves for 1967, 1968, 1969, 
and 1970 (Fig. 7). With this similarity, we should 
expect the resultant modes in millimeters (cara- 
pace length) to be approximately the same 
from year to year (Table 6). 

As mentioned earlier, we calculated an 
average of 8% per molt from laboratory animals. 
The consecutive probability modes from the 
commercial catch do compare favorably with 
this 8% increment. For example, in 1967 the 
percent increments between modes are: 7.1%, 
6.6% , 8.2% , and 5.7% while in 1970 the percent 
increments are: 8.3%, 4.4%, 11.6%, and 3.8%. 

I am reluctant to postulate that these con- 
secutive increments actually portray the growth 
pattern between age groups of lobsters in 
the commercial catch. Still, these consecutive 
modes may be the result of some situation 
that I have overlooked. Confounding the prob- 
lem even more, these modes give logical esti- 
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mates of mortality and of parameters in the 
von Bertalanffy Growth Equation. 


Comparison of 14% increments with proba- 
bility modes. — The consecutive modes from 
the probability analysis do not fall within the 
successive ranges of 14% groupings in length. 
However, we reasoned that it is unlikely for 
the initial sizes of the range in length about 
the 84- to 85-mm probability mode (assumed 
age or molt class) to begin at the legal minimum 
size of 8l-mm carapace length. In fact, three 
standard deviations about the 84- to 85-mm 
probability mode extends the size well below 
81 mm. Coupled with this, there could be a 
range of sizes of a sublegal assumed age or 
molt class extending into the protected size 
range of the probability mode at 85 mm. If 
this were true, then we would have a conglom- 
erate of assumed age and molt classes in 
subsequent years in the commercial fishery. 

Undaunted by this seemingly incongruous 
situation, we attempted to follow the 85-mm 
mode and its protected and unprotected size 
range by approximate 14% increments from 
1967 through 1969. This increase should be 
the result of shedding. Therefore, the 85-mm 
mode in 1967 might result in a mode at 97 mm 
in 1968 while the protected size ranges of this 
or another assumed molt class might move from 
the sublegal sizes in 1967 to produce a mode 
at 91 mm in 1968. The 97-mm mode in 1968 
might move to 113 mm in 1969, while the 
mode at 91 mm in 1968 might move to 102 mm 
in 1969. 

If this were the actual situation, then the 
modes from the probability analysis do agree 
with the 14% groupings (listed in parentheses) 
in the following manner: 85-mm mode (81-92 
mm), 97-mm mode (93-106 mm), and 111-mm 
mode (107-122 mm). The additional modes near 
91 and 105 mm could be the result of the mini- 
mum size regulation. 

Viewing the relationship between the two 
techniques in another way, we hypothesized 
that the 14% grouping from 81 through 92 mm 
includes two probability modes at 85 and 91 
mm; the grouping from 93 through 106 mm 
includes two probability modes at 97 and 
105 mm; the grouping, with a small sample 
size, from 107 through 122 mm includes a 
probability mode near 111 mm. Then this com- 
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Figure 6. — Carapace length groupings of approximately 14%, compiled on a percent 


frequency basis by sex, month, and year, 1967 through 1970. The groupings with 
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page; 3 (107-122 mm) and 4 (123-127 mm), opposite page. 
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Table 6. — Modes from probability analysis of length 
frequencies, compiled by year, 1967 through 1970. 
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bination of probability modes per 14% grouping 
supports the premise that these percent group- 
ings represent assumed age or molt groups in 
a year. However, this situation could lead to 
some anomalies in the total mortality estimate 
within years for the grouping from 81 to 92 mm. 
This could come about from the protected 
size range of the 85-mm probability mode in 
one year producing a probability mode at 91 
mm in the next year. 

This combination of possibilities would also 
account for the absence of visually discernable 
modes after 85 mm of the monthly and yearly 
percent frequencies because the size ranges 
about the succeeding modes would overlap 
each other to a considerable extent. 


Other determinations from cluster 
samples. — In conjunction with the analysis 
on length frequencies from the cluster samples, 
we also made estimates of the mean length 
and weight and the percent of females, culls, 
and shedders. We compiled this information 
by sample-day, with monthly and yearly means 
and percentages with standard errors from 
August 1966 through 1970 (Table 7). Usually 
the mean lengths by day, month, and year are 
quite similar; this situation could indicate the 
possibilities of heavy exploitation and a similar 
selectivity range of the described trap dimen- 
sions. 

To be expected, the mean weight and associ- 
ated percentages of culls are closely related 
and help to explain some of the variability in 
mean weight related to the same mean carapace 
length. The percentage of culls between and 
within areas and years could be a valuable 
asset in determining ways of improving the 
catch in pounds (the important item to fisher- 
men). Some fishermen and biologists have 
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postulated that the rough handling of prerecruit 
sizes of lobsters (sublegals) in traps leads to 
either a heavy mortality of these lobsters before 
they enter the fishery or an increase in the 
percentage of culls when lobsters reach legal 
size. Perhaps it would be well for administrators 
and industry people to consider lath spacing 
as another means of increasing the catch in 
pounds. 

The actual time available for sampling each 
boat and its catch dictates that the estimate of 
shedder percentages must be a_ subjective 
measure. We determined if a lobster was hard- 
or soft-shell by a slight amount of hand pressure 
on the lateral surfaces of the carapace and 
chelipeds. This was accomplished in the 
process of measuring and weighing the lobster. 
Then by this method we have a subjective 
estimate for what we term “recent shedders.” 

This subjective determination is made even 
more difficult by the dealers usually buying 
at two prices (hard- versus soft-shell) during 
the months of peak molting. Their determina- 
tion of a shedder does not always agree with 
ours, but we are stymied by the dealers separat- 
ing the hard- and soft-shell lobsters. Therefore, 
the estimation of the percent of shedders in 
the commercial fishery can only be considered 
a rough approximation. This estimate in some 
months was so inexact that we eliminated it 
from the tabulations. As a consequence, we 
concluded tentatively that: (1) lobsters in the 
southwestern section of the State begin ecdysis 
earlier in the year than those from the north- 
eastern part; this situation could be influenced 
by the general seasonal warming of the ocean 
from southwest to northeast, and (2) the per- 
centage of shedders by month gives us addi- 
tional evidence of the effect of ecdysis on 
recruitment during August through November 
of each year; the importance of this determina- 
tion will be discussed in the catch and effort 
section. 


Catch and Effort Analysis 


Ricker (1958), Beverton and Holt (1957), and 
many others have discussed the importance 
of the relationship of catch to effort. In the 
lobster fishery this has become increasingly 
important because Dow (1961) and Dow and 


Trott (1956) have quite convincingly demon- 
strated that the catch in numbers or pounds 
per trap is not a valid index of stock density. 
Therefore, when this survey started, we knew 
that we would have to determine a different 
effort value than had been considered pre- 
viously. 

Initially we hoped that the catch in numbers 
per trap-haul would satisfy the need to find, 
at least, an indicator of stock density. We col- 
lected this type of information from August 
1966 through August 1967. Upon analysis of 
these data, we found that while this catch-per- 
unit-of-effort value does approximate the con- 
dition in the fishery at least for May through 
July, it is not adequate for most other months. 
Evidently there are other factors influencing 
even this catch-per-unit-of-effort value. Also, 
these unknowns are apparently constant for 
May through July and quite variable in other 
months. A factor that could account for these 
situations is the number of set-over-days in 
association with availability. 

In addition to the established interview ques- 
tions, we added one more regarding the number 
of set-over-days for the group of traps hauled 
per boat. This additional information began 
in September 1967. A preliminary analysis, as 
the data were collected, looked promising. Then, 
with a monthly and yearly backlog of survey 
data for 1968 through 1970, we determined 
the following specific relationships for each 
of these years: 


(1) The catch in numbers per trap-haul as 
it is related to surface water temperature; 
The catch in numbers per trap-haul-set- 
over-day as it is related to surface water 
temperatures; 

The catch in numbers per trap-haul-set- 
over-day as it is related to the number of 
boat-days. 


(2) 


(3) 


In 1968, these relationships segregated them- 
selves into three distinct periods during the 
calendar year: 


Period 1: Covers those months when avail- 
(January- ability could be a major factor; 
April) i.e., water temperature in as- 


sociation with metabolic rates, 
leading to vulnerability in a trap 
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fishery; also considering acces- 
sibility (moving from deeper to 
shallower water). 


Period 2: Includes those months when ef- 

(May-July) fort and the assumed molt- or 
year-class strength from the 
preceding year could be a major 
determinant. 

Period 3: Encompasses those months 

(September- when recruitment through molt- 

December) ing with increased vulnerability 


during the current year in as- 
sociation with the defined effort 
could have the greater effects. 
We hypothesize that after sev- 
eral days, new shell lobsters 
actively seek food thereby in- 
creasing their vulnerability to 
the baited trap (personal ob- 
servations from laboratory stu- 
dies). 


Ideally, in all of these periods and relation- 
ships we should use the bottom ocean tempera- 
tures either by area or coastwide. Again, limited 
manpower and money made this an impossi- 
bility. As a result, we used the surface tempera- 
tures that we collected at the dealer locations 
during the survey (Fig. 8). 

In considering the catch in numbers per trap- 
haul with surface water temperature (Fig. 9), 
we deduced the following: 


Period 1: As the mean surface water tem- 

(January- perature increases by month, 

April) the catch in numbers per trap- 
haul generally decreases. This 
situation conflicts with the pre- 
mise that availability should be 
increasing with the warming 
ocean waters. 

Period 2: The downward convex curve 

(May-July) possibly indicates that even 


though the monthly mean ocean 
temperature is increasing, the 
age- or molt-class strength is 
reduced prior to recruitment. 
However, the convex reduction 
might indicate that availability 
is still a factor rather than age- 
or molt-class strength from the 
preceding year. 
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[Dealer-code = the letter representative of the county and the number of the dealer in the county. The county designations are: 


Y for York, C for Cumberland, S for Sagadahoc, L for Lincoln, K for Knox, H for Hancock, and W for Washington.] 
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Figure 9. — The relationship between mean ocean surface temperature and catch 


in numbers per trap-haul by month for 1968. 
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Period 3: 
(September- 
December) 


These months of recruitment 
through molting show increasing 
catch-per-unit-of-effort values 
on a monthly basis with pro- 


with the same temperature data (Fig. 10) to 
determine if similar conclusions would result: 


gressively lower ocean tempera- Period 1: These monthly catch-per-unit- 
tures. In this case we conclude (January-  of-effort values increase along 
that recruitment through molt- April) with the ocean temperatures. 
ing with the hypothesized vul- This situation does agree with 
nerability has a far greater our premise that availability 
effect than water temperature. should be increasing. 
While this is plausible for the Period 2: This downward concave curve 
months of peak molting (August (May-July) possibly indicates that even 
and September in 1968; see though the monthly ocean tem- 
analysis of cluster samples), it is peratures continue to rise, the 
difficult to accept a continuing year- or molt-class strength from 
high recruitment and vulnera- the preceding year diminishes. 
bility during October and Incidentally, there is not as wide 
November when the molting a disparity between April and 
percentages decrease. May in catch in numbers per 
trap-haul-set-over-day as there 
Continuing with the analysis, we next used is with catch in numbers per 
catch -in-numbers - per -trap-haul-set-over-day trap-haul. 
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Figure 10. — The relationship between mean ocean surface temperature and 


catch in numbers per trap-haul-set-over-day by month for 1968. 
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Period 3: Even though recruitment is oc- 
(September- curring, the monthly catch-per- 
December) unit-of-effort values decrease 


along with the ocean tempera- 
tures. The values for this period 
are higher than those for pe- 
riods 1 and 2, indicating perhaps 
that our premise of increased 
vulnerability after shedding is 
correct. 


Our next step in analyzing the catch-in- 
numbers-per-trap-haul-set-over-day was _ to 
compare these values with another measure of 
effort (boat-days) in order to determine if this 
relationship demonstrates any condition not 
revealed by temperature (Fig. 11). There is 
an amazing similarity between the two types 
of relationships. This led us to believe that 
our original hypotheses concerning periods 
of the year and the related assumptions are 
greatly strengthened. Therefore, in the face 
of this evidence we concluded that the rela- 
tionship of catch-in-numbers-per-trap-haul-set- 
over-day with boat-days is the more impor- 


tant consideration after the ocean water tem- 
perature warms above a certain level. 

These same types of relationships appeared 
to hold true for 1969 (Fig. 12). However, as 
usually happens with hypothetical concepts, 
something somewhat different obviously oc- 
curred in 1970 (Fig. 13). 

By way of explanation for the omission of 
data from January through March 1970, the 
sampling in that year began in April because 
of the demonstrated reduction in the catch 
and effort categories for January through March 
from 1967 through 1969 (Table 4). The reasons 
for the reduction might be an evolving shrimp 
fishery which usually concentrates its effort 
between January and March of each year and 
the ease by which lobster boats and fishermen 
are converted to fishing for shrimp. This situa- 
tion, in addition to a tremendous backlog of 
data from sampling the lobster catch in other 
months, led us to the decision to discontinue 
the lobster survey during this period of the year. 

Returning to the months that we sampled 
in 1970, there is an abrupt increase in the 
catch in numbers per trap-haul-set-over-day in 
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catch in numbers per trap-haul-set-over-day by month for 1970. 
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July. This appears even more pronounced 
because the values in April through June 1970 
are smaller in comparison to the values in 
these same months of 1969 and 1968. 

Surprisingly, this catch-effort value in August 
1970 is smaller than the one for July of that 
year. This is the first year during the sampling 
survey for this to occur. A partial explanation 
is the tremendous increase in trap-hauls and 
trap-haul-set-over-days in July and August 1970 
as compared to these months in 1969 and 
1968 (Table 4). In addition, the peak shedding 
percentages by month were later in 1970 than 
in previous years. 

This combination of factors, different from 
1969 and 1968, could account for the changed 
relationship by month between catch in num- 
bers per trap-haul-set-over-day and water tem- 
perature in 1970. 

I reasoned that other than a shift of specific 
months between the three periods of 1970, we 
have not destroyed the hypotheses that we had 
developed for each of these periods in 1969 
and 1968. 


Relationship Between Catch in Numbers 
per Trap-Haul and Set-Over-Days 


We compared the catch in numbers per trap- 
haul (TH) with the number of set-over-days 
(SOD) as another means of studying the de- 
scribed catch and effort situation in 1970. This 
type of analysis could also be used to evaluate 
the intricacies of catch in numbers per THSOD 
because we hypothesize using it as an index 
of stock density. 

To analyze these data, we compiled the 
information by month and year in two categories: 
(1) the catch in numbers per trap-haul, and 
(2) the associated number of set-over-days. 
The values for these categories were calculated 
by dividing that total catch in numbers by 
that total number of trap-hauls from the fisher- 
men who said their traps were hauled the day 
before (1 SOD), then the same procedure for 
those fishermen who hauled with a 2 SOD, 
and so on through 5 SOD. We omitted data 
from any fisherman who had a mixed number 
of SOD for the group of traps that he hauled 
for the day; such as a fisherman who hauled 
300 traps for the day and of those, 150 had 
been set-over for 1 day, while the remaining 


150 traps had been set-over for 2 days. These 
modified data were compiled by month and 
year from 1968 through 1970 (Table 8). 

The relationship between the catch in num- 
bers per trap-haul and the number of set- 
over-days in 1970 reveals a higher increasing 
trend line than for 1969 and 1968 (Fig. 14). 
I attribute this to the same reason that I have 
already discussed: that is, an earlier and higher 
percent of shedders starting in June 1970, 
resulting in higher recruitment and vulnera- 
bility starting in July and continuing through 
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Figure 14. — The relationship between catch in num- 
bers per trap-haul and set-over-days by year, 1968 
through 1970. 


most of the remaining months of 1970 as com- 
pared to the situation in 1969 and 1968. 

This combination of factors could also ex- 
plain the slightly higher value of catch in 
numbers per THSOD in 1970 than in 1969, 
although the total catch in pounds is slightly 
higher in 1969 than in 1970 as reported in 
“Maine Landings.” I concluded that while catch 
in numbers per THSOD is a much better indi- 
cator of stock density than any other known 


ratio, it must be carefully analyzed each year. 
Such a continued treatise will be valuable 
in future years. 


Relationship Between Catch per 
Unit of Effort and Effort 


Gulland (1968) discussed the usefulness and 
expected type of curve between the relation- 
ship of catch per unit of effort plotted against 


Table 8. — The compilation of the catch in numbers per trap-haul and the number of set-over-days by 
month and year, 1968 through 1970. The ratios are enclosed by parentheses. 


Month | Number of set-over-days: 


Number of: 


1968 


trap- lobs-]| trap- lobs- | trap- lobs- |trap- lobs-|trap- lobs- 
hauls ters {hauls ters | hauls ters {hauls ters {hauls ters 
Jan. 40 
(.1750) 
Feb. 
Mar 
-4500) 
Apr. 
.2978) . 1000) .3120) 
May 
- 6848) .6735) (.4417) 
June wily) 
. 2709) 3671) (1.4625) 
July 
. 2249) 3062) 
Aug. 334 
.4772) 5559) 
Sept 
.5760) (.4687) 
Oct. 970 
. 7032) (1.0144) 
Nov. 705 
(.7603) (-9333) 
Dec. 
Totals] 12,174 6,087] 11,702 5,881] 5,182 3,017]1,432 852] 957 417 
(.5000) (-5026) (.5822) (.5950) (.4357) 
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Table 8. — The compilation of the catch in numbers per trap-haul and the number of set-over-days by 
month and year, 1968 through 1970. The ratios are enclosed by parentheses. — Continued. 


1969 


Month! Number of set-over-days: 
i ee 


trap- lobs-} trap- lobs- |trap- lobs-] trap- lobs-]| trap- lobs- 
hauls ters | hauls ters |hauls ters |hauls ters | hauls ters 


ante ---- ---- |---- ---- 160} 120 119 
©-25) Ge=s) (.9917) 
Feb. ---- we-- fe--- 0 re] ---- ----] ---- ---- 
Gee) Gi=—%) ssa) 
Mar. ---- -a-- fen--- anne =H --] ---- ---- 
(Grey) Gees) Ga) 
Apr. 45 39 410 143 86 60 
(.8667) (. 3488) (.6977) 
May 330 105 | 415 181 a — 
(.3182) (.4361) € <8 5 
June 1237 ehLil 472 84 Sul 137 
(.2514) (.1780) (.2630) 
July 1147 326 718 250 30 8 
(. 2842) (. 3510) (. 2667) 
Aug 3995 1786 |1716 1188 ---- a 
(.4471) (.6923) CG) 
Sept 1923 979 }1372 936 310 163 
(.5091) (.6822) (.5258) 
Oct. 863 481 SS ar32 ---- ---- 
(.5574) (.8516) (@=-5) 
Nov. ---- ---- 902 1034 ---- ---- 
(ces) 9) (1.1463) Gee) 
Dec. ---- ---- 40 20) 100 59 
Ge) (.5000) (.5900) 
Totals |10,266 5,211} 9,540 4,027 |6,200 yas) 7/0) |i shale} 1 HOO) ae G7, 546 
(.5076) (.4221) (.6403) (.4858) (.4679) 
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Table 8. — The compilation of the catch in numbers per trap-haul and the number of set-over-days by 
month and year, 1968 through 1970. The ratios are enclosed by parentheses. — Continued. 


1970 


Month | Number of set-over-days: 


trap- lobs- | trap- lobs-] trap- lobs- | trap- lobs- | trap- lobs- 
hauls ters hauls ters }|hauls ters hauls ters hauls ters 


Jan. SaS0 SSoo 
Go") 
Feb. =oo= sess 
(--) 
Mar. Sos S255 
Claw) 
Apr. 150 43 
-5161) (.2867) 
May 6 174 ---- ---- 
33509) ( -- ) 
June 628 460 27/5} 
-3156) : (.5935) 
July 2 5 154 160 18 
- 5310) : (.1125) 
Aug. v B46 2296 456 362 
-5690) 5 (-7938) 
Sept. J 653 110 4y 
-5331) 5 (4000) 
Oct. 7 5 6 550 336 100 70 
(.6109) 5 (. 7000) 
Nov... 2 1283 1466 570 859 
(1.1426) . (1.5070) 
Dec. 83 54 ---- So 
(.5696) E ( -- ) 
Totals /10,082 3,436 | 15,386 6,594j11,492 6,546 | 4,734 2,790 | 2,006 1,669 
(. 3408) (-4286) (-5696) . (-5894) (.8326) 
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effort for a long series of years, preferably with 
a wide range in effort. Because we have data 
for only four full years, we cannot hope to 
demonstrate the expected theoretical curves. 
Nevertheless, we did calculate this relationship 
for the months within each of these years of 
the survey. 

An interesting comparison came to light 
between catch in numbers per trap-haul and 
catch in numbers per trap-haul-set-over-day 
by month and year plotted against the respec- 
tive effective effort (Fig. 15). The relationship 
of catch in numbers per trap-haul-set-over-day 
and its effective effort are similar with only 
slight changes in the slope from year to year. 
This occurred even with a tremendous increase 
in trap-hauls and trap-haul-set-over-days in 
1970 (Table 4). On the other hand, the rela- 
tionship between catch in numbers per trap- 
haul and effort shows a similar curve to the 
preceding relationship for only 1968 but with 
a much higher trend line. However, in 1969 
and 1970 this relationship is entirely different. 
I attribute this difference to an increase in 
the set-over-days for 1969 and 1970. We already 
have demonstrated how this variable affects 
the catch in numbers per trap-haul. 

Turning to the fairly consistent relationship 
of catch in numbers per trap-haul-set-over-day 
and its effective effort, we can see that the 
trend line for 1968 is higher than that for 1969 
or 1970. This situation indicates that the catch 
in 1968 is better than the following 2 years, 
and that 1969 and 1970 are close to the same 
total poundage. Indeed, ‘‘Maine Landings” 
demonstrates that this is true. 

Thus we have, to some extent, again sub- 
stantiated the premise that catch in numbers 
per trap-haul-set-over-day is a better index 
of stock density than any other known ratio. 
At the same time, this value must be scrutinized 
more fully than most indices of stock density 
in other fisheries. 


Consideration of Effectiveness 
of Fishing 


A factor that has been overlooked in the 
literature, is a possible change in fishing ef- 
fectiveness with the advent of the hydraulic 
hauler in the early 1960’s. This gear possibly 
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Figure 15. — Comparison of catch in numbers per 
trap-haul and catch in numbers per trap-haul-set- 
over-day with respective effort by month and year, 
1968 through 1970. 


enables fishermen to use and haul more traps 
in the same amount of time than is required 
to haul a lesser amount of gear with a mechani- 
cal hauler. The sampling for the present survey 
began in 1966, after most of the conversion 
to hydraulic haulers occurred. Therefore, it 
is impossible to compare the change in fishing 
intensity in terms of trap-hauls or time spent 
fishing from before to after the conversion. 


Another consideration in terms of fishing 
effectiveness might be vessel speed. Boat 
dimensions are approximately the same as 
Dow and Trott (1956) described; however, 
usually more powerful engines are used today 
than at the time of the original study, thereby 
possibly reducing the time to and from the 
fishing grounds and between trap-hauls by trip. 

Dow (1955) mentioned the use of electronic 
gear, depth recorders primarily, that could be 
another factor in fishing effectiveness. 


POPULATION PARAMETERS 


With the data from some previous sections, 
we estimated certain population parameters. 
These parameters are used directly in the 
simple yield equation described by Beverton 
and Holt (1957). Therefore, these estimates 
are vitally important to the objective of deter- 
mining the biological minimum size for maxi- 
mum sustainable yield. 


Von Bertalanffy Growth Equation 


The determinations from the length frequency 
analysis make it necessary to consider this 
relationship in a different way than usual. First, 
we do not know the actual age of any sized 
lobster. It follows then that we do not know 
the age composition of any size mode. Second, 
there is a possibility that these size modes 
represent molt classes, and further that one 
or more of these molt classes might be in the 
same age group. Following this reasoning, I 
attempted to calculate the parameters of the 
von Bertalanffy Growth Equation by combining 
probability modes to correspond to 14% incre- 
ments as hypothesized in the probability analy- 
sis. The estimated parameters, determined by 
the method of Tomlinson and Abramson (1961), 
are obviously incorrect; for example, the maxi- 
mum expected carapace length is 13.0 mm. 

As an alternative, I used the consecutive 
modes from the probability analysis of the 
length frequencies. This might constitute a 
molt group-length relationship rather than the 
usual age-length correlation. 

This information was used in the method of 
Tomlinson and Abramson (1961). The perti- 
nent estimates and standard errors are: 
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to = 266.77 + 59.04 
Rk = 0.04785 + 0.01566 
ty = -0.77250 + 0.43685 
where: 
tee = maximum expected length 
k = constant proportional to catabolic rate 
A 5 
ty = hypothetical age at zero length. 


These growth parameters are much more 
logical; leading to the dilemma of deciding 
whether we are dealing with molt or age groups. 
To resolve this, I reasoned that the intent of 
the use of the von Bertalanffy Growth Equation 
is to demonstrate the growth pattern for lobsters 
which intuitively (comparison of calculated 
parameters) is better reflected by using con- 
secutive size modes from the _ probability 
analysis. 


Weight-Length Relationship 


We fitted a logarithmic transformation of the 
basic equation W aL® by the method of 
least squares. There were 336 males and 391 
females used in these calculations. The follow- 
ing real values by category are: 


W = 0.001669 L25?781 (males) 
W = 0.001657 L?43877 (females) 
W = 0.001682 L?58?6 (sexes combined). 


A t test on the 6 values revealed no signifi- 
cant difference between the sexes; therefore, 
the sexes were combined (Fig. 16). The 95% 
confidence limits on the slope or 6 value for 
the sexes combined placed the upper limit 
at 2.86099 and the lower limit at 2.79554. The 
95% confidence limits on this intercept or a 
value placed the upper limit at 0.001889 and 
the lower at 0.001509. 

We also calculated the weight-length rela- 
tionships by the same method for the com- 
mercial sizes only. While there still is no 
significant difference between males and fe- 
males, the confidence intervals about the slopes 
bracketed ‘3’ in each case. We surmise that 
there is a change in the weight-length relation- 
ship after lobsters reach legal size. This situa- 
tion might have importance in the section on 
yield. 
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Figure 16. — The weight-length relationship of lobsters 
(sexes combined), W = .001682 L?-82826, 


Mortality Rates 


The implications from the length frequency 
section concerning age or molt groups create 
some imponderables for estimating survival 
or mortality. A reasonable alternative would 
be to estimate the desired parameters by 14% 
groupings and then by selected size modes 
from the probability analysis, realizing the dis- 
cussed assumptions in each category. With 
this approach, we can compare estimates and 
then, in certain situations, explain why there 
are differences or similarities. Of course, even 
if these estimates were similar, they would 
be tentative because of the uncertainties con- 
cerning the age composition of the catch. To 
circumvent this situation to some extent, we 
present corroborative estimates, whenever pos- 
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sible, from different techniques of other investi- 
gations on lobsters. 

In accordance with this reasoning, we listed 
the methods and reported all estimates in 
annual rates (Table 9) as follows: 


(1) We used the method of Robson and 
Chapman (1961) with 14% increments of growth 
for the commercial-sized lobsters within cal- 
endar years. The estimates are: 90.0% (1967), 
91.4% (1968), 92.2% (1969), and 92.9% (1970). 
These authors explained that the method is 
not adequate when estimating survival by age 
class between years because it does not con- 
sider effort. Nevertheless, the authors devised 
an unbiased estimate of survival and mortality 
within years if the age and growth considera- 
tions were correct. R. A. Cooper (personal 
communication) estimated approximately the 
same total annual mortality from a tagging 
study off Monhegan Island, Maine. In my opin- 
ion, it is unlikely that the two separate tech- 
niques and data sources would approximate 
each other by coincidence. 


(2) Cushing (1968) described a method which 
does incorporate effort with assumed age 
classes. However, Beverton and Holt (1957) 
maintained that it is seldom efficient to estimate 
an index of instantaneous abundance as is 


required in Z = loge Wea Nevertheless, 
t+ 


this equation (after conversion) represents the 
usual method of estimating total annual mor- 
tality. We used it with two different types of 
effort: (1) trap-hauls-set-over-days and (2) trap- 
hauls. With the first effort term the estimates 
are: 87.0% (n/n. between May 1968 and May 
1969) and 83.5% (n/n for the same time period). 
With the second effort term the estimates are: 
85.8% (n4/n2z between May 1967 and May 1968) 
and 90.8% (ii2/n3 for the same time period) ; 74.8% 
(ui /n2 between May 1968 and May 1969) and 
68.1% (n2/n3 for the same time period); 64.6% 
(11/n2 between May 1969 and May 1970) and 
94.1% (n2/n3 for the same time period). 

Also, we used this method of Beverton and 
Holt (1957) to estimate the annual natural mor- 
tality for the prerecruit sizes of lobsters. These 
estimates are: 29.3% (11/2 between May 1968 
and May 1969) and 19.2% (n1/n2 for May 1969 
and 1970). 
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(3) Next we used a method outlined by 
Cushing (1968), but more fully described by 
Beverton and Holt (1957). The equation is 
= N+ 
Z = loge Ne I place the greatest amount 
of reliability in this estimate because the latter 
authors explained that with a continuous fishery, 
a much better estimate could be expected 
from the mean abundance of a year or molt 
class during 1 year of life when related to the 
same year or molt class and mean abundance 
1 year later. This method also has shortcomings 
(other than our assumptions regarding length 
frequencies) in that the total mortality should 
be approximately the same in each of the two 
years considered. This shortcoming can be 
compensated for, to some extent, by a cor- 
rection factor or picking one month (May, in 
the case of the lobster fishery) in each of two 
years as described by Paloheimo (1961). 


We made this estimate with two different 
types of effort, (1) trap-haul-set-over-days and 
(2) trap-hauls. With the first effort term the 
estimates are: 94.5% (1/2 between May 1968 
and May 1969) and 94.2% (n2/n3 for the same 
time period); 94.4% (i1/n2 between May 1969 
and May 1970) and 94.6% (n2/n3 for the same 
time period). With the second effort term the 
estimates are: 94.1% (11/2 between May 1967 
and May 1968) and 94.3% (n2/n3 for the same 
time period). 


(4) Beverton and Holt (1957) described an- 
other method of estimating total mortality from 
the combination of (1) parameters from the 
von Bertalanffy Growth Equation and (2) the 
mean length and the size when lobsters are 
fully vulnerable in the commercial fishery. The 
R(lao-l’) 


equation is Z = . The estimates by 


year are 88.9% (1967), 90.1% 
(1969), and 77.6% (1970). 

(5) Again Beverton and Holt (1957) described 
a method which involved the use of the total 


(1968), 88.9% 


N 
mortality estimates from Z = loge seus plot- 
Nyt 1 


ted against the effective fishing effort (in this 
case trap-haul-set-over-days). Because we col- 
lected these effort data from 1968 on, it is only 
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possible to use three years of data. The authors 
caution that we should have a long series of 
years; nevertheless, we estimated an annual 
natural mortality of 7.7% for lobsters of com- 
mercial size. 

(6) Ricker (1958) presented a detailed dis- 
cussion on the use of “catch curves” along 
with the methodology. For use in this method, 
we organized the length frequencies of the 
commercial and prerecruit sizes of lobsters 
into either 14% groupings or numbers at se- 
lected modes from the probability paper deter- 
minations, all within years. A plot of the natural 
logarithm of the frequency of numbers of pre- 
recruit and commercial sizes with effort reveals 
a dome-shaped curve with a somewhat sinuous 
descending right limb (Fig. 17). In addition 
to the contributive causes for this type of curve 
described by Ricker (1958), we must add our 
technique of estimating the assumed age or 
molt groups by 14% increments or by proba- 
bility modes. It then follows that the descending 
right limb which is concave suggests that the 
fishing mortality has increased on the larger 
sizes (positively the case from prerecruit to 
recruit sizes), but variable recruitment from 
shedding frequencies might affect these esti- 
mates, as could a changing natural mortality 
or vulnerability to the trap in association with 
SOD. The latter consideration seems plausible, 
but then we should expect either larger sizes 
in the population to be readily apparent or a. 
good carry-over of commercial sizes of lobsters 
from December to May of the following year. 
The conclusion from sampling the natural popu- 
lation with different types of gear, including 
scuba observations, refutes this carry-over 
contention; therefore, it appears that either 
a decreasing natural mortality (some of our 
estimates indicate this is true) or as Ricker 
(1958) pointed out, the shape of the curve 
could also be affected by the assumed age 
or molt groups not being uniform in size in- 
crements. In this case the probability modes 
between and within years do not lend support 
to this premise, at least for the commercial 
sizes. 


While we included in Table 9, under the 
catch curve section, only the total annual 
mortality estimates from the number of lobsters 
at consecutive probability modes, we also 
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Figure 17. — A simple catch curve calculated from the number of lobsters between consecutively numbered 


probability modes starting at 53-mm carapace length. 


calculated this estimate from the arrangement 
of probability modes as hypothesized in the 
section on length frequencies. 

The estimates by year with probability modes 
in parentheses are: 1967, 91.1% (numbers at 
modes 85 and 97), 92.8% (numbers at modes 
91 and 105); 1968, 91.6% (numbers at modes 
85 and 97), 93.7% (numbers at modes 91 and 
105); 1969, 44.0% (numbers at modes 85 and 
94), 93.2% (numbers at modes 91 and 102); 
1970, 60.3% numbers at modes 84 and 95), 
96.6% (numbers at modes 91 and 106). 

These estimates are higher than those from 
the consecutive probability modes and closer 
to the estimates from some other methods of 
estimating mortality. The two aberrancies 
(1969 and 1970) for the first two modes could 
be caused by using only the number of lobsters 
at the specific modes. The high degree of con- 
sistency of the estimates from the other modes 
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strengthen the working hypothesis that we 
developed in the section on length frequencies. 

Estimates of the annual natural mortality 
for the prerecruit sizes (modes from probability 
paper) from sampling the prerecruit sizes with 
wire traps are: 7.7% (i/n2 in 1968), this esti- 
mate is identical with the natural mortality 
estimate of 7.7% from the commercial sampling; 
2.0% (24/2 for 1969); and 4.0% (14/2 for 1970). 


(7) Silliman (1943) described a method that 
requires a series of years at two different levels 
of effort to separate natural from fishing mor- 
tality. Because of the short series of years in 
the present study on lobsters, we turned to 
historical data in order to use the method. 
The length frequencies for the available years 
were separated by ¥2-inch increments and the 
effort was simply an estimate of the number 
of traps by year as reported in “Maine Land- 


ings.’ The selected years were 1942-1943 and 
1946-1947. The estimates of total mortality 
for each of these periods are 58.0% for 1942- 
1943 and 83.0% for 1946-1947. The assumed 
constant annual natural mortality between 
these periods is 22.9%. The total mortality 
estimates are logical, whereas the natural mor- 
tality is suspect because it is more dependent 
on an effective effort determination. The esti- 
mate of the number of traps fished in a year 
without trap-hauls or trap-haul-set-over-days 
should not satisfy the requirement for estimat- 
ing natural mortality with this method. 

The next series of estimates were made by 
earlier investigators who used or modified exist- 
ing methodologies. 


(8) Dow et al. (1953) estimated an annual 
natural mortality of 7 to 8% for the years 1949 
through 1952. Their modification of a catch 
curve was unique and entailed considerable 
assumptions; nevertheless, their estimate still 
could be correct. 


(9) Dow (1964) used these and more recent 
length frequencies, organized in a different 
manner, but still essentially a catch curve, to 
estimate a total annual mortality of 83 to 86% 
with a natural mortality of 28 to 33% from 
1948 through 1963. This range of total mor- 
tality estimates closely approximates the esti- 
mate from Silliman’s method of 83% for 1946- 
1947. 


(10) Skud (1969), with the use of our length- 
frequency data, estimated a total annual mor- 
tality of 90%. This estimate, based upon the 
method of Thomas (1955), requires the use of 
the ratio of the number of females to males 
by length. The ratios that Skud used are biased 
because there are no subtotals by size and sex 
of the total number of lobsters that we counted 
by boat. As described earlier, the length-fre- 
quency data in this report are from the cluster 
samples of 10 lobsters per boat. This situation 
could seriously affect Skud’s estimate. 


Substantiation of certain estimates 
of natural mortality. — I believe the 
lower natural mortality estimates are closer 
to the actual value for the following reasons: 
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(1) A low k value from the von Bertalanffy 
Growth Equation indicates a low M as 
explained by Gulland (1965). 

From the preceding sections, the more 
acceptable methods yield consistently 
lower estimates of M. 

The greater average size and magnitude 
in numbers of lobsters that have been 
lightly exploited from some canyon areas 
offshore might indicate a low natural 
mortality (Skud and Perkins, 1969). 

D. G. Wilder (personal communication) 
estimated an annual natural mortality 
of 10% in at least one district in the 
Maritime Provinces. 

R. A. Cooper (personal communication) 
estimated an annual natural mortality 
of 6% from his tagging work on lobsters 
near Monhegan Island. 


(2) 


(3 


wm 


(4) 


(5) 


Fishing mortality estimates. — The 
combination of estimates of total instantaneous 
mortality (Z) and instantaneous natural mor- 
tality (1M) led to a simple solution for estimating 
instantaneous fishing mortality (F) as follows: 


Z=F+M 
so that F' = Z-M. 


A more desirable method for estimating in- 
stantaneous fishing mortality involves the rela- 
tionship between the catchability coefficient (q) 
and fishing intensity (f). This equation is 


F =f. 


Because of the discussed problems in estimat- 
ing the catchability coefficient, a reasonable 
alternative is to use the first procedure. To do 
this, we used estimates of instantaneous total 
mortality which range from 1.1363 (67.9%) to 
2.9188 (94.6% ) and the estimates of instantan- 
eous natural mortality which range from 0.0202 
(2% ) to 0.3467 (29.3% ). Therefore, the estimates 
of the instantaneous fishing mortality range 
from 0.7896 (54.6% ) to 2.8986 (94.5% ). 

Again, all of the data from the survey of 
this commercial fishery overwhelmingly sup- 
ports the higher estimates of fishing mortality. 


Other factors associated with mor- 


tality estimates. — Paloheimo (1961, 1963) 
discussed catchability coefficients in associa- 
tion with population estimates for lobsters. He 
demonstrated inconsistencies in the catchability 
estimates when derived from temperature, catch, 
and effort (trap-hauls per day fished per square 
nautical mile). While his shortcut method ap- 
pears reliable, we do not have a long enough 
series of yearly catch and effort data to com- 
plete the estimates. 

Because of the complexities of availability 
and recruitment in the stock of lobsters along 
the Maine coast, it appears futile to estimate 
this catchability coefficient. However, if we 
hold before us the goal of establishing precise 
population parameters, in particular the esti- 
mates of fishing and natural mortality from 
the relationship F = qf, where g = catchability 
coefficient and f = fishing intensity (weighted 
effort), then the first approximation of the 
catchability coefficient makes a step toward 
this objective. Also, this coefficient might ex- 
plain the deviation in the catch-per-unit-of- 
effort values from the true density (provided 
we use the effective effort term), and changes 
in this coefficient from year to year or period 
to period might indicate changes in availability. 

Armed with these concepts and the techniques 
of Beverton and Holt (1957), and Cushing (1968), 
we attempted estimates of the catchability co- 
efficient from the survey data. In order to do 
this, we compiled the required data by month 
and year. 

The first attempt was made by plotting the 
instantaneous mortality (y) for May of 1968, 
1969, and 1970 (calculated from the equation 


of Z = loge a using 14% increments as 


t+1 
assumed age or molt groups) against the cor- 
responding number of THSOD (a). The linear 
regression, solved by the method of least squares, 
is: 


y = 0.079857 + 0.0001682 (7 = 1.00). 


The estimate of the catchability coefficient 
is 0.000168. In this case the total annual natural 
mortality estimate is 7.7%. This estimate is 
identical to two estimates that we made in the 
mortality section. 
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Next we plotted the instantaneous total 
mortality (y) for May of 1968, 1969, and 1970 
(calculated by the method of Robson and Chap- 
man (1961) for all assumed age or molt groups 
of 14% increments) against the corresponding 


‘number of THSOD (xv). The linear regression, 


solved by the method of least squares, is: y = 
0.579137 + 0.000168x (7 = 0.99). 

The estimate of the catchability coefficient 
is 0.000168. In this case the total annual natural 
mortality is 0.43962. The estimate of the catch- 
ability coefficient is identical with the preceding 
estimate. This higher natural mortality esti- 
mate may be attributed to the different method- 
ology for calculating the total mortality esti- 
mates. 

Other attempts to calculate the catchability 
coefficient led to negative natural mortality 
estimates. It appears then that the best esti- 
mate we can make of the catchability coefficient 
is 0.000168 for the month of May in each year. 


Consideration of Trap Limitations 


Some legislators and fishermen have pro- 
posed a trap limitation. The objective of their 
proposal is not clearly defined. I believe the 
general intent is to lessen the fishing pressure 
(effective effort) on lobsters. 

Fisheries biologists deal with this concept 
in a different way. We are concerned with the 
effect of fishing effort on fishing mortality. This 
report has dealt with such effort categories as 
numbers of: (1) traps, (2) trap-hauls, and (3) 
trap-haul-set-over-days. In the mortality sec- 
tion, we demonstrated limited success in cor- 
relating the trap-hauls, and trap-haul-set-over- 
days with fishing mortality while Dow and 
Trott (1956) had none at all with the number 
of traps. In the case of the latter two categories, 
I believe that the problem is due to the magni- 
tude of the effective effort so that fairly large 
changes in these categories have relatively little 
effect on the actual fishing mortality. 

Then the proposal at hand should be con- 
sidered with the coalescence of the concepts 
of fishermen and biologists. This should enable 
us to reach a determination as to whether these 
proposals would accomplish the objective. The 
united concept assumes that a limit on the 
number of traps per boat will lessen the fishing 
effort and therefore the fishing mortality. 


We concluded from the sections under catch 
and effort that the effective effort is related 
to the number of trap-hauls in association with 
the number of set-over-days rather than simply 
the number of traps. 

To supplement the above concept, we com- 
piled the average number of traps per boat 
with the minimum and maximum range of 
traps for all boats for a sample-day. This in- 
formation was taken from the survey of the 
commercial fishery and was compiled by month 
and year (Table 10). 

We considered all of this information in 
relation to two specific proposals: (1) a hmit 
of 400 traps per boat and (2) a minimum limit 
of 200 traps to a maximum limit of 600 traps 
per boat. In both proposals, no limitation on 
the total number of fishermen was considered. 

In the case of the 400 trap limit, we should 
understand that it is possible for a crew of 
two men with a hydraulic hauler, fishing 8 to 
10 traps in a string, to haul 400 traps in a day. 
If these men fished 800 traps before the pro- 
posed limitation, then possibly the regulation 
would reduce the number of set-over-days with 
the trap limitation but not the number of trap- 
hauls for each fishing day because quite pos- 
sibly these men would haul these same traps 
each fishing day, provided they receive a profit 
from this undertaking. We have already demon- 


strated that the catch does not increase arith- 
metically with more set-over-days; therefore, 
fewer set-over-days for hauling the same traps 
might not reduce the catch in numbers per 
trap-haul during the months of peak shedding. 

The minimum-maximum proposal would re- 
sult in a similar situation for the catch and 
effort. The compilation of average number of 
traps per boat with the range of number of 
traps from all boats brought out another im- 
portant fact for consideration, that in all likeli- 
hood the proposal would not reduce the number 
of traps by more than a small percentage, if 
at all, compared to the present level. This 
could come about by an increase in the number 
of traps to 200 or more by so called “punt” 
fishermen, while only a small percentage of 
the “full-time” fishermen would reduce their 
number of traps to 600. 


Use of Population Parameters to 
Estimate Mean Length of Catch 


Beverton and Holt (1957) devised an equa- 
tion for estimating the mean length of the catch 
by using certain population parameters. We 
substituted the values from the study on lobsters 
into the following equation: 


Table 10. — Mean number of traps per boat by month and year, 1967 through 1970. 


1967 1968 d 1969 1970 | 
Number of traps: Number of traps: Number of traps: Number of traps: 
standard standard standard || standard 
range mean error range mean error range mean error || range mean error 
Jan. 34-500 200 +4 40-300 210 + 85 80-325 204 +42 H - - - 
Feb. 50-240 155 +28 240-600 345 +128 114-200 150 - - - - 
Mar 90-300 168 +56 250-350 302 mete, 200-200 200 - - = - 
Apr 50-350 237 22/5) 35-500 155 pap Sia 80-280 175 +18 150-400 294 +20 
| May 72-500 292 +38 15-400 212 Cae) 75-600 258 +40 | 40-500 175 £39 
lexune 125-525 261 +40 48-500 187 + 35 60-500 233 +15 50-1400 391 +165 
July 85-500 292 +22 30-1200 194 +58 30-550 197 +40 30-600 169 +23 
Aug 30-640 271 +70 40-800 247 + 47 8-900 187 +37 25-600 275 #25 
| Sept 25-800 252 +62 42-450 192 + 28 10-600 242 +51 || 30-660 250 +21 
| oct 40-300 172 £13 22-800 238 + 56 40-650 220 +24 40-500 246 +24 
| Nov 50-500 245 +30 85-700 321 at EY 64-400 218 +34 30-600 240 +18 
De 30-1000 280 £75 = = = 35-500 186 +25 |. 70-400 222 +36 
| rotais 25-1000 245 +14 ‘[rs-2200 219 25 als) 8-900 211 +13 25-1400 252 +12 
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_ (F+M) (1-e7 (FAM +tk)d) 


(F+M+k) (1-e-(F+M)n) 


x e-k(t',-ty) 


The values are: 


F+M = 2.4700 
loo = = 266.77 
k = 0.04785 
a TO 
(a 0107250 


The estimate of this mean length is: 


Ly = 85.58 mm carapace length. 


This value is close to the estimates of mean 
length calculated from the length frequencies 
in the cluster samples of the commercial catch 
(Table 7). 

Of course this similarity does not indicate 
that any or all of the calculated parameters are 
correct. Certainly, I feel more confident with 
these estimates due to the favorable comparison 
of mean lengths by this method and those from 
the cluster samples. 


YIELD ESTIMATES 


The primary objective of the preceding analy- 
ses was to estimate parameters that can be 
used in a yield equation so that we might deter- 
mine the biological minimum size for maximum 
sustainable yield. 

We have calculated yield estimates from 
the simple yield equation of Beverton and Holt 
(1957) by two methods of expansion: 


(1) bionomial, as outlined by Norman J. 
Abramson (personal communication), California 
Department of Fish and Game: 


1 b 


* Brit eee eels Dalen ess 
Yw/r = Woo Fe-™P Ee Famer ° (tpt) 
em O(O=D ae =ob (t= ¢ 
2(F+M+2k) © (fp ~ to) 
b(b-1) (b-2 
‘1 Se ~f0) 
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oer Ce to) 


(2) cubic, as described by Gulland (1965): 


3 Ue nk (te=t5) 
y = Fe -M(tc-t) yop 
w/r S Crt Wes cease 
The symbols in each of the preceding equa- 
tions are defined as follows: 


F = instantaneous fishing mortality 

M = instantaneous natural mortality 

Wo = maximum expected weight 

k = constant proportional to catabolic 
rate 

& = hypothetical age at zero length 

t. = assumed age at first capture 

ty = assumed age at recruitment 

tp = te-t, 

tp = assumed age when first on fishing 
grounds 

tp) = assumed exploited ages of fish 

p = tp - ty : 


It is inherent in the cubic expansion that 
growth is isometric or that b from the weight- 
length relationship is “38.” If this value were 
significantly different from “3,” then it should 
affect the yield estimates from this type of 
expansion. 

On the other hand, the binomial expansion 
uses the actual value of 6 so that these yield 
estimates are not affected by this assumption 
on growth. 

It follows then that we should use the binomial 
expansion for lobsters (6 = 2.8283 + 0.0167). 
We must reiterate that the commercial sizes 
did yield a slope value (b = 3.10584 + 0.13224) 
not significantly different from “3.” Therefore, 
we included the methodology by Gulland for 
this reason and the fact that his method is 
much more comprehensive than the binomial 
expansion by Abramson. That is, we can deter- 
mine yield values not only for different as- 
sumed ages at first capture (t.) of the same 
assumed age or molt class but also for different 
instantaneous fishing mortalities (F). There- 
fore, if we use both methods, we should be 
able to determine how much the value of 0 
influences the yield estimates and whether the 
more inclusive method has any application. 


Gulland (1965) has defined the various yield 
categories, but it might be beneficial to restate 
these terms as follows: 


(1) P'/R = exploited population weight in 
grams per recruit; that is, F times 
the average total weight of lobsters 
divided by the number of recruits in 
the exploited phase. 

yield in weight per recruit; that 
is, the yield in grams per lobster 
entering the fishery under a different 
F or te. 
= numbers per recruit in the ex- 
ploited population; that is, the aver- 
age number in the exploited phase; 
so that, if there were one million 
lobsters caught and N/R = 0.5 ata 
specific F or te, then this population 
size is two million. 
= catch in numbers per recruit; 
that is, the fraction of the stock 
caught for a specific F or t,; so that, 
as F increases so does the fraction 
of the numbers caught. Conversely, 
as t, increases, the fraction of the 
stock caught decreases. 

mean weight of individual lob- 

sters; so that, as F increases, the 

mean weight per lobster decreases. 

Conversely, as tg increases so does 

the mean weight. 


(2) Y/R 


(3) N’/R 


(4) C/R 


With either type of expansion, there usually 
is agreement at least in the increasing or de- 
creasing trend (other parameters constant) of 
the yield in weight per recruit with assumed 
age at first capture t. (Table 11). Therefore, 
we included with the binomial expansion the 
values from the cubic expansion in order to 
demonstrate their use and potential value in 
lobster management. 

Because of the range in natural mortality 
estimates, we decided to plot the yield estimates 
with at least two different instantaneous values. 
I chose (1) 0.2664 and (2) 0.1000 so that we 
could determine the effect this change has on 
the yield estimates. 

With this reasoning, if the instantaneous 
natural mortality (M) were 0.1000 with all 
other parameters as estimated, then the cubic 
and binomial methods demonstrate an increas- 
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ing yield in weight per recruit with the older 
assumed age groups of the same assumed age 
class (trend line [F'] for both expansions, Fig. 
18). Conversely, if M were 0.2664 with identical 
other parameters, then the best yield with the 
cubic expansion would still be at the older 
assumed age or molt groups (trend line [C] 
cubic, Fig. 18) while the binomial expansion 
shows a better yield at the younger assumed 
age or molt groups (trend line [D] binomial, 
igs ai) 

As discussed earlier, I believe the lower na- 
tural mortality estimates approximate the ac- 
tual value. Therefore, the information under 
[F] for both expansions should be the more 
logical to use in terms of selecting the correct 
size or assumed age or molt class for maximum 
sustainable yield. 

For this reason, I strongly advocate raising 
the minimum size to at least some convenient 
measure near te,  . The size for this assumed 
age or molt group is 91-mm carapace length 
(3-9/16 inches). For the convenience of all 
concerned parties, it would be logical to set 
the new minimum size at 3-!42-inch carapace 
length. This size would be much more com- 
patible with the size at maturity for females 
and logically should eliminate the maximum 
size regulation. 

This proposed size could increase the catch 
by about 18%. For example, if the catch were 
20 million lb. with the 3-3/16 inch regulation, 
with the size limit set at 3-2 inches, the catch 
would have increased 3.6 million lb. over the 
20 million lb. In value, the fishermen would 
receive an estimated increase of $3,312,000. 

The increase to 3-2 inches could be achieved 
by raising the minimum size one-sixteenth of 
an inch each year until the desired size is 
reached. This would delay the net benefit of 
18% for at least this period of years. 

I must reiterate that if recruitment varies 
from its present level (numbers shedding into 
the legal size range each year), this percentage 
of yield increase would be over what the yield 
would have been without the change in mini- 
mum size. That is to say, if a catch of 20 
million lb. occurred last year and a catch of 
18 million occurs this year with the 3-3/16 
inch size limit, these same years with a size 
limit of 3-¥% inches would have produced a 
catch of 23.6 and 21.24 million lb. respectively. 
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(t.) from binomial and cubic expansions of the simple yield equation. 
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Therefore, with the new size limit, it would 
still be possible to have a smaller total poundage 
in a given year than previous years. 


Influence of Other Parameters 
on Yield 


We have already demonstrated the importance 
of different natural mortality estimates on 
yield. Therefore, we should explore the possible 
influence of some other estimated parameters 
used in the yield equation: specifically, F, k, 
to, and th or p. 

In the cubic expansion, we considered the 
influence of instantaneous fishing mortality 
by 0.5 increments. In the binomial expansion, 
we had to use one estimate of F in each run. 
Therefore, we changed F' from 2.2036 to 1.0000 
with the same other parameters in two of the 
runs. As might be expected, the increasing 
trend of yield in weight per recruit is relatively 
unaffected by the F' values (trend lines [C] and 
[F'] binomial, Fig. 18). 

A change in the k estimate from the von 
Bertalanffy Growth Equation influences the 
yield estimates in the cubic expansion. For 
example, if k is halved (actually reducing the 
carapace length for time ft), then the yield in 
weight per recruit is reduced with the same 
other parameters (trend lines [C] and [D] 
cubic, Table 11). Although this reduction does 
change the magnitude of the yield, it does not 
alter the general increasing or decreasing trend 
of this line. 

Because of the relationship of k to fo, we 
might expect the hypothetical age at zero 
length to to influence the magnitude of the 
yield estimates without affecting the general 
trend, at least within the different values that 
we considered. Indeed, this is the situation 
({D] and [E] cubic, Table 11). 

If tp and p are changed from 1.0 to 3.0 to 
4.0 in the binomial expansion with a natural 
mortality of 0.2664, we note a decreasing trend 
in yield in weight per recruit in each case ([A] 
with [D] and [E] binomial, Table 11). Con- 
versely, with the lower natural mortality, we 
note that with t, or p = 1, the trend line 
increases in either case ([B] with [C] binomial, 
Table 11). I reasoned that only in the un- 
realistic situation of t, or p = 1 with the also 
unlikely high natural mortality, would there 
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be a discrepancy in the increase or decrease 
of the trend in the yield estimates. 

I concluded from this series of changes in 
the described parameters that even if the origi- 
nal estimates were not exact, we would reach 
the same management recommendations as we 
would with the precise parameters. Of course, 
it is most advisable to use the verified values 
in the yield equation because we can then better 
predict what would happen with certain popu- 
lation conditions and corresponding manage- 
ment proposals. 


Discussion 


As stated earlier, I have not advocated a 
reduction in effort to achieve maximum sus- 
tainable yield (or maximum net economic gain), 
rather, a change in the minimum size limit 
to improve the yield under other existing con- 
ditions. 

In my view, economists and some population 
dynamicists have overlooked one very impor- 
tant point, at least for the United States, in 
the field of fisheries control. That is, few if any 
State or Federal agencies in fisheries have re- 
ceived the confidence of the fishing fraternity 
(commercial or sport) or legislators to entrust 
regulations entirely to that agency. 

In order to gain recognition from these people, 
we must proceed in a step-like fashion: namely, 
biological minimum size limits, where needed. 
The recognition of improvement in a fishery 
through a change in the regulation on size 
or age at entry would then make it possible 
to demonstrate the benefit of effective effort 
controls that are biologically and economically 
oriented. 


CONCLUSIONS AND 
RECOMMENDATIONS 


Based upon this study, I recommend raising 
the minimum legal size to 89-mm (3-¥% inches) 
carapace length, and elimination of the 127-mm 
(5 inch) maximum size regulation. The survey 
of the commercial fishery should continue in 
order to determine if there would be any changes 
in the estimated parameters that we used in 
the yield equation. Indeed, if there were 
changes in the critical parameters, then we 
should adjust the minimum size accordingly. 


Really, we must abandon the concept of static, 
unchanging regulations in a dynamic, changing 
population of lobsters. In this way we can 
always obtain the best yield for fishermen. 

In any study with budgetary restrictions 
there are many aspects that cannot be examined. 
In the present study we still need detailed in- 
formation on: 


(1) trap selectivity; 

(2) larval distributions; 

(3) parent-progeny, or stock-recruitment re- 
lationships; 

(4) an entirely new technique for determining 
the ages of lobsters; 

(5) movements of lobsters and independent 
mortality estimates; this would be best 
suited to a tagging study. 


Unfortunately, most of these studies are 
costly. In order to accomplish them and carry 
on the necessary commercial sampling, we need 
2 to 3 times the present budget. While this 
sounds like a tremendous increase, this new 
annual budget would only amount to 1.5% of 
the landed value of lobsters in Maine for each 
year. 


The Need for a Technique to 
Determine the Age of Lobsters 


I feel that this particular recommendation 
is so important that it should be treated separ- 
ately. 

We were able to estimate most of the pre- 
ceding parameters by assuming that the manipu- 
lation of length frequencies revealed the age 
or molt composition of the catch. With this 
insight, we should consider an independent 
method to determine the age composition of 
the lobster population. Hopefully, this new 
technique would corroborate the determinations 
from the length frequencies. 

Some funding agency must be made to recog- 
nize the importance of this need not only for 
lobsters, but also for other crustaceans of com- 
mercial importance. This type of investigation 
would be best suited to universities (medical 
schools) that have prior experience with the 
genetic-biochemical aging process in humans. 
Paradoxically, in this situation, humans would 
be the test species. 


For those who would say this limitation in 
the length frequencies should delay implementa- 
tion of the recommendations in this report, I 
would remind them that the regulations now 
in effect are largely a result of intuition and 
convenience. While this type of management 
might suffice in a lightly exploited fishery, it 
is foolhardy to continue it in such a valuable 
resource as lobsters, especially when the most 
cursory examination of the length frequencies 
reveals that the size ranges of the exploited 
phase of the stock have been reduced practi- 
cally to one-half inch in carapace length. Fur- 
ther, this one-half inch in size range does not 
include the size at maturity for most female 
lobsters. 


SUMMARY 
In summary we have determined: 


(1) Most traps currently in use have parlors, 
reflecting a change from an earlier study 
in 1948. Further, present-day traps pos- 
sibly have a selection range below the 
legal size of 81-mm carapace length. 

(2) The premolt-postmolt relationships in 
carapace length in millimeters by category 
are: 


= 0.64986 + 1.07578x (males) 
-0.46448 + 1.09612x% (females) 
= 0.59543 + 1.076192 (sexes 
combined) 
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(3) Based upon berried female measurements: 


(a) Canadian and Maine stocks of fe- 
male lobsters extrude their eggs 
between May and July; 

(b) most female lobsters from Maine 
stocks mature (extrude eggs) be- 
tween 90- and 100-mm carapace 
length; 

(c) female lobsters from Maine extrude 
eggs at a larger size than females 
from certain parts of Canada. 


(4) The maximum size regulation of 127-mm 
(5 inches) carapace length is biologically 
unsound. 


(5) 


(6) 


(7 


7, 


(8 


wm 


(9 


wa 


(10) 


(11) 


(13) 


Probability modes and 14% groupings of 
length are comparable and possibly indi- 
cate age or molt groups. 

The cluster samples show (a) fairly uni- 
form mean lengths by day, month, and 
year; this mean length is approximately 
89-mm (3.5 inches) carapace length, (b) 
the mean weight is more variable but is 
explained, to some extent, by the per- 
centage of culls, (c) the percentage of 
females is usually around 50% on a 
monthly and yearly basis, (d) the sub- 
jective measure of the percent shedders 
shows a proportionate increase usually 
from July through October in each year. 
The catch in numbers per trap-haul-set- 
over-day is a better indicator of stock 
density than any other known ratio, pro- 
vided it is carefully analyzed. 

Fishing effectiveness has increased from 
1955 to 1970. 

Trap limitations as proposed by some 
fishermen and legislators will not di- 
minish the effective effort. 

The solved von Bertalanffy Growth Equa- 
tion is: 


i, =266.77 [re e@ ~ 0.04785 (t+ 0.77250) ] 


The solved weight-length relationship for 
the sexes combined is: 


Wa—0:001682) 7, 2:22826. 


Depending on the methodology, the in- 
stantaneous total mortality ranges from 
1.1363 (67.9% ) to 2.9188 (94.6% ) while the 
instantaneous natural mortality ranges 
from 0.0202 (2.0%) to 0.3467 (29.3%). 
Therefore, the estimates of the instantan- 
eous fishing mortality range from 0.7896 
(54.6% ) to 2.8986 (94.5% ). An instantan- 
eous natural mortality of 0.1054 (10%) 
and an instantaneous fishing mortality 
of 2.3026 (90% ) are more plausible. 

By using the binomial and cubic expan- 
sion of the simple yield equation with 
reasonable parameters, the legal mini- 
mum size should be raised to at least 
89-mm (3-42 inches) carapace length. 
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Abundance and Distribution of Inshore Benthic 
Fauna off Southwestern Long Island, N.Y.' 


FRANK W. STEIMLE, JR.” and RICHARD B. STONE? 


ABSTRACT 


This paper describes a qualitative and quantitative census of the inshore benthic fauna off southwest 
Long Island over the period February 1966 through January 1967, prior to construction of an ocean sewer 
outfall in the general vicinity. Preliminary analyses of data indicate the presence of three distinct com- 
munities: 1) an inshore medium to coarse grain sand community dominated by the bivalve, Tellina agilis, 
the amphipod, Protohaustorius deichmannae, and the echinoderm, Echinarachnius parma; 2) an 
offshore silty fine sand community dominated by the bivalve, Nucula proxima, and the polychaete, 


Nephtys incisa; and 3) a community dominated by the blue mussel, Mytilus edulis. 


INTRODUCTION 


In 1966, the Sandy Hook Laboratory, Middle At- 
lantic Coastal Fisheries Center, made a census of 
the benthic fauna off the southwest coast of Long 
Island. The objective was to collect quantitative and 
qualitative data on benthic biota in an attempt to 
evaluate the extent of existing pollution and to pro- 
vide baseline data that could be used to determine 
effects of future domestic waste disposal in these 
waters (Stone and Steimle, 1966). 

One method to study the effects of pollution in the 
aquatic environment is to investigate changes in 
benthic faunal species composition, distribution, 
and numbers. Reish (1957, 1959, 1960), Filice (1959), 
and Kitamori, Kobayashi, and Nagota (1959) stres- 
sed the importance of bottom-dwelling organisms to 
the study of water quality in the marine environ- 
ment. Marine benthic populations, especially 
polychaetes (Reish, 1970) and amphipods (JJ. B. 
Pearce, National Marine Fisheries Service, Sandy 
Hook Laboratory, Highlands, N.J., pers. comm., 
1972), have shown to be altered in the vicinity of a 
pollution source, e.g., domestic sewer outfall. This 
alteration may be evident as a change in community 
composition and species abundance. 


' This survey was funded by Manganaro, Martin and Lincoln, 
Consulting Engineers, New York, N.Y. 

* Sandy Hook Laboratory, Middle Atlantic Coastal Fisheries 
Center, NMFS, NOAA, Highlands, NJ 07732. 

* Atlantic Estuarine Fisheries Center, National Marine 
Fisheries Service, NOAA, Beaufort, NC 28516. 


In this paper, we present a preliminary analysis of 
data, which includes 11 cruises of the RV 
Challenger over transects from Rockaway Inlet to 
Fire Island during the period February 1966 through 
January 1967. The data analyzed are derived from 
423 grab collections of benthic and epibenthic fauna. 
This study represents the first such benthic census in 
this part of the New York Bight, although work has 
been done in adjacent estuaries (Townes, 1939). 


METHODS 


We established 39 sampling stations along seven 
transects normal to the adjacent beach (Fig. 1). The 
transects ranged over proposed sewage outfall loca- 
tions near Jones Inlet, Long Island, N.Y. Each 
transect began at a point as near shore as water 
depths and surf conditions would normally allow the 
Challenger to enter and extended seaward from 7.4 
to 11.1 km. We spaced the sampling stations at 1.8 
km intervals along the seven transects, except for 
Station D1, which was moved east 0.5 km because of 
a dangerous shoal. Station depths ranged from 4.9 to 
25.2 m. Station coordinates are given to the nearest 
0.1 nautical mile in Appendix Table 1. 

Each station was sampled once a month from Feb- 
ruary 1966 through January 1967, except the De- 
cember 1966 cruise which was cancelled because of 
adverse weather conditions. The interval between 
starting dates was 30 days and all stations were sam- 
pled within 5 days. 
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Figure 1.—RV Challenger survey, 1966-67. Locations of transects and collecting stations. Station D-1 is at the mouth of Jones’ 
Inlet. 


We used a 0.0624 m* Petersen grab (Fig. 2) to 
collect samples at each station. Each sample was 
washed through two screens, with 2- and 1-mm mesh 
openings. All organisms collected on both screens 
were stored together in a jar and fixed with 10% 
Formalin buffered with borax. Later the samples 
were transferred to 70% ethanol for permanent pre- 
servation. 

Loran navigation was the principal method used 
for positioning the Challenger on collecting stations. 
We increased accuracy when possible, by use of 
radar, land ranges, and by visual sightings of buoys 
and light towers. 

After primary sorting into major phyletic groups, 
each sample was processed separately and or- 
ganisms identified to species, whenever possible, 
and counted. The responsibility of species identifi- 
cation was assumed by the senior author with the aid 
of authorities listed in the acknowledgment. Alpine 
Geophysical Associates, Inc., Norwood, N.J., 
analyzed sediments collected at each station during 
the period June through September. 


RESULTS 
Hydrography 


Monthly mean values (bottom and surface) for 
water temperatures, salinity, and dissolved oxygen 
for the survey transects, available for the period 


bo 


February to November 1966 (Alpine Geophysical 
Associates, 1967) are nearly constant on all transects 
with the exception of salinity values on A transect. 
Mean bottom water temperature ranged seasonally 
from a minimum of 1.5°C in February to a maximum 
of 20.0°C in September and declined to 11.1°C in 
November. The salinity near the bottom was gener- 
ally uniform east of Rockaway Inlet, ranging from 
31.0 to 32.3%cduring the 10-mo survey. Bottom 
salinities obtained from the far western part of the 
survey area, including A transect (near the mouth of 
the Hudson River), were consistently lower and 
fluctuated from month to month; bottom salinity 
there ranged from 27.3 to31.2 %cduring !the 10 mo 
sampled. Dissolved oxygen values of the bottom 
water ranged from a high of 7.5 ppm (parts per mil- 
lion) in February to a low of 4.2 ppm in July, then 
rising slowly to 5.6 ppm in November. The dissolved 
oxygen values for the western transects were gener- 
ally lower than those of the eastern portion during 
the summer months, July and August, with a low 
value of 3.5 ppm found on Transect A during July. 


Sediments 


Analysis showed a predominantly medium to 
coarse sand bottom at most stations with the excep- 
tion of Transect B where all of the stations were 
characterized by finer sediments (Appendix Table 
2): 


! 
\ 
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Figure 2.—The Petersen grab sampling a medium sand bottom station; sand dollars, Echinarchnius parma, are evident on surface. 


Biota 


We recorded 145 invertebrate species represent- 
ing nine phyla in the study area (Appendix Table 3). 
Our preliminary analysis of the species composition 
at all stations (Appendix Table 4) indicates that the 
benthic fauna in the survey area can be separated 
into at least two distinct assemblages. Two of these 
assemblages show a strong association with sedi- 
ment types (medium to coarse sand and fine sand 
mixed with silt) as well as with depth. A third as- 
semblage dominated by apparently unattached 
clumps of the blue mussel, Mytilus edulis, was col- 
lected on both mud and hard sand sediments and 
showed no particular association with sediment 
type. 


The medium sand assemblage.—This assem- 
blage was found at all stations except B6 and B7. 
The dominant organisms were the bivalve, Tellina 
agilis; the burrowing amphipod, Protohaustorius 
deichmannae; the sand dollar, Echinarachius 
parma; the tube-dwelling amphipod, Unciola ir- 
rorata; and the surf clam, Spisula solidissima. 
Other invertebrates commonly collected as part of 
this assemblage were the cumacean, Leptocuma 
minor; the amphipods, Acanthohaustorius millsi, 
Trichophoxus epistomus, and Monoculodes ed- 
wardsi; and the polychaetes, Sthenelais limicola, 
Lumbrineris fragilis, and Spiophanes bombyx. 

The mean number of organisms collected from the 
medium sand sediment ranged from 49 animals/m?, 
Station El, to 2,030 animals/m?, Station E3 (Appen- 
dix Table 5). The total number of species generally 
increased with depth from a low of 11 at Station El to 
a high of 54 at Station D5 (Appendix Table 5). 


The fine silty sand assemblage.—This assem- 
blage was evident offshore mainly at Stations B6 
and B7 and occasionally at the offshore stations of 
the D, E, and G transects. The dominant or- 
ganisms were the bivalve, Nucula proxima, and 
the polychaete, Nephtys incisa, with other 
polychaetes, Pherusa affinis and Clymenella tor- 
quata, and the amphipod, Leptocheirus pinguis, 
also abundant. The average density at Station B7, 
the only station not transitional with the medium 
sand assemblage, was 1,440 animals/m? (Appendix 
Table 5). A total of 50 species were collected from 
this station (Appendix Table 5). 


Aggregations of Mytilus edulis.—Clumps of 
blue mussels unattached to a substratum, were 
found on Stations Al, A2, and A5 during June 
through September (Appendix Table 4). These 
clumps consisted of variable size mussels from 1 to 
5 cm in length; the 1-cm-size group included ap- 
proximately 95% of all individuals. These clumps 
were situated on a medium to coarse sand bottom; a 
solid substrate, usually necessary for Mytilus 
attachment and development, was absent. Com- 
monly found within the Mytilus clumps were the 
polychaetes, Harmothoe extenuata, H. imbricata, 
Nereis succinea, and Lepidonatus squamatus. The 
brachyuran crab, Neopanope texana, and the 
anemone, Metridium senile, were also abundant. 
The fauna in the sand underlying the clumps was 
typical of the Tellina-Protohaustorius-Echinar- 
achnius medium-sand assemblage. Where these 
clumps originated is unknown. They may have been 
broken away by storm surges from mussel beds that 
are known to be nearby. It is possible that our sam- 
pling in the spring and fall missed the clumps which 
are present throughout the year. 


DISCUSSION 


It is apparent from Appendix Tables 4 and 5 that 
the relative abundance and diversity of species vary. 
In general, an increase in total numbers of species 
collected per station is directly related to an increase 
in water depth. For example, the average total 
number of species collected on the 11 stations in less 
than 10 m in depth was 20.8 species, on the 21 sta- 
tions between 10 and 20 m. the average total was 
27.9 species, and on the 7 stations in water greater 
than 20 m the average total was 45.7 species. No 
correlation between total number of organisms col- 
lected and depth could be detected. Many of the 
most abundant species appear to be distributed con- 
tagiously (Fager, 1966) on the bottom, especially: 
Unciola_ irrorata, Echinarachnius parma, 
Spiophanes bombyx, and Spisula solidissima. It is 
possible that this contagion is the result of inade- 
quate sampling. 

The fine silty sand assemblage, dominated by 
Nucula proxima and Nephtys incisa, is similar to the 
soft bottom community in Buzzards Bay, Mass., 
and Long Island Sound (Sanders, 1956, 1958). San- 
ders reported that Nucula proxima and Nephtys in- 
cisa made up 57% and 17% respectively of the total 
number of organisms collected in Buzzards Bay. At 


Station B7, in this study, these species made up 
47% and 10% respectively of the total number col- 
lected. The sediments at this station visibly con- 
tained large amounts of finer sediment material, silt, 
not measured in the sediment analysis. 

Individual rock crabs, Cancer irroratus, were 
generally found infrequently throughout the survey 
area. During the summer, however, juveniles were 
collected in abundance throughout the study area. 
This can be attributed to the settling of larvae in 
June. The large numbers collected in July consisted 
principally of juveniles (0.5-1.5 cm carapace width). 
The number declined rapidly after July, probably 
due to predation by fish and other predators. 

Of the organisms collected in lesser numbers two 
are of particular interest. Both of these are 
polychaetous annelids that have only been reported 
from areas far distant from the New York Bight. In 
April 1966, on Station C3, four specimens of Pisione 
sp. were collected. This genus had previously been 
described from South African waters (M. Simpson, 
Adelphi University, Garden City, Long Island, 
N.Y., pers. comm., 1969). The second species was 
tentatively identified as Magalone riojae, previously 
known from Pacific waters (Simpson, pers. comm., 
1969). This specimen was collected at Station D4 
during the January 1967 cruise. Both species were 
sent to authorities at the Smithsonian Institution, 
Washington, D.C. for verification. 
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APPENDIX TABLES 


Appendix Table 1.--Locations of collecting stations. Locations are given by 
coordinates of North latitudes over West longitude, listed to the nearest 
0.1 nautical mile. 
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Appendix Table 2.--Water depth and sediment types at collecting stations. 
Sediment values are averages of samples collected in June-September 1966 
and are in accordance with the Inman System of Sediment Analysis (Inman, 
1952); @ = logy of the diameter of particles in millimeters. 


Station 


Al 


A2 


A3 


A4 


A5 


A6 


Bl 


B2 


B3 


B4 


B5 


B6 


B7 


Cl 


C2 


Station 
Depth @ 


750 


6.4 


4.9 


OG67/ 


14.0 


16.8 


Wil, 


Sediment Description 


Silty Brown Sand with Shell 
Fragments 


Silty Brown Sand with Shell 
Fragments 


Coarse Brown Sand 
Coarse Brown Sand 
Coarse Brown Sand with Gravel 
Coarse Brown Sand with Gravel 


Fine Brown Sand with Shell 
Fragments 


Fine Brown Sand with Shell 
Fragments 


Fine Brown Sand with Shell 
Fragments 


Fine Brown Sand with Shell 
Fragments 


Fine Brown Sand with Shell 
Fragments 


Very Fine Dark Organic Sand 
with Shell Fragments 


Very Fine Dark Organic Sand 
with Shell Fragments 


Coarse Light Brown Sand with 
Gravel 


Coarse Tan Sand with Gravel 


Mean (MZ) 


136 


vey/ 


WGA 


223 


Zee3 


2.01 


Dreil9 


14 


OI) 


Sorting a) 


49 


-/8 


56 
254 
STi 
256 


250 


-/5 


74 


6Ue 


-76 


-76 


owl 


130 


-86 


Appendix Table 2.--Continued. 


Station 
Station Depth 


€3 15.5 
C4 16.8 
C5 17.4 
D1 6.7 
D2 T6 
D3 14.0 
D4 LO 2 
D5 20.1 
El 7.0 
E2 16 
E3 14,9 
E4 UL ThS a 
E5 18.0 
oat Wass) 
F2 14.3 
19S) Sy 
F4 Lod 


Sediment Description 


Mixed Sand and Gravel 


Coarse Brown Sand 


Coarse Brown Sand 


Coarse Gray Sand 


Medium Gray-Brown Sand 


Medium Gray-Brown Sand with 


Shell Fragments 


Coarse Gray-Tan 
Gravel and Clay 


Medium Gray-Tan 


Medium Gray-Tan 
Shell Fragments 


Coarse Gray-Tan 
Shell Fragments 


Medium Gray-Tan 
Shell Fragments 


Medium Gray-Tan 
Shell Fragments 


Medium Gray-Tan 
Shell Fragments 


Medium Tan Sand 
Fragments 


Medium Tan Sand 
Fragments 


Sand with 
Lumps 


Sand and Gravel 


Sand with 


Sand with 


Sand with 


Sand with 


Sand with 


with Shell 


with Shell 


Medium Brown Sand with Shell 


Fragments 


Coarse Brown Sand with Shell 


Fragments 


Mean (M¢) 
555) 
41 
96 

1.00 
1.61 


1.45 


1.00 


1.76 


Ne7Al 


1707, 


Loa 2 


Woe) 


1.61 


1.42 


NG tts} 


Sortin 
49 
56 


-65 


1.06 


.68 


41 


259 


ove) 


44 


.60 


~54 


-62 
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Appendix Table 2.--Continued. 


Station 
Station Depth (m Sediment Description Mean (MQ) Sorting @ 

F5 illo 7ieaii Medium Brown Sand with eo 2/ 41 
Shell Fragments 

Gl 9.1 Fine Brown Sand with Shell 2.34 254 
Fragments 

G2 Se Coarse Tan Sand with Gravel Mek 22 48 

G3 18.6 Medium Brown Sand with Gravel 2.02 $56 

G4 2136 Medium Brown Sand with Gravel TAO 62 

G5 20.7 Medium Brown Sand with Gravel 37 66 

G6 DPD Medium Tan Sand with Gravel 1.41 46 


Appendix Table 3.--List of species collected on survey. 


Cnidaria (Coelenterata): 


Hydrozoa: 
Pennaria sp. 
Obelia sp. 
Anthozoa: 
Cerianthus americanus (Verrill, 1866) 
Metridium senile (Linnaeus) 
Sagarta modesta (Verrill, 1866) 


Platyhleminthes: 


Turbellaria: 
unidentified sp. 


Nemertea: 


unidentified sp. 


Aschelminthes: 


Nematoda: 
unidentified sp. 


Annelida: 


Oligochaeta: 
unidentified sp. 
Polychaeta: 

Polynoidae: 
Harmothoe extenuata ieee 180) 
Harmothoe imbricata (Linnaeus, 1767) 
Lepidonotus squamatus (Linnaeus, 1758) 

Lumbrineridae: 
Lumbrineris fragilis (0. F. Muller, 1776) 
Lumbrineris impatiens (Claparede, 1868) 
Lumbrineris tenuis (Verrill, 1873) 
Lumbrineris acuta (Verrill, 1875) 
Ninoe nigripes Verrill, 1873 

Orbinidae: 
Orbinia (Phylo) kupfferi (Ehlers, 1875) 
Orbinia swani Pettibone, 1957 
Scoloplos robustus (Verrill, 1873) 
Scoloplos sp. 

Spionidae: 
Polydora ligni Webster, 1879 
Polydora sp. 
Prionospio malmgreni Claparede 
Scolelepis squamata (0. F. Muller, 1789) 
Spio setosa Verrill, 1873 
Spiophanes bombyx (Claparede, 1870) 


Magelonidae: 
Magelona riojae Jones, 1963 
Cirratulidae: 


Cirratulus grandis Verrill, 1873 

Cirratulus sp. 

Tharyx acutus Webster and Benedict, 1887 
Flabelligeridae: : 

Pherusa affinis (Leidy, 1855) 
Opheliidae: 

Ophelia bicornis Savigny, 1818 

Ophelia denticulata Verrill, 1875 

Travisia carnea Verrill, 1873 


Scalibregmidae: 

Scalibregma inflatum Rathke, 183 
Capitellidae 

Capitella capitata (Fabricius, 1780) 
Maldanidae: 

Clymenella torquata (Leidy, 1855) 
Ampharetidae: 


Ampharete arcitica (Malmgren, 1866) 
Asabellides oculata (Webster, 1879) 
Sigalionidae: 
Sthenelais limicola (Ehlers, 186)) 
Sigalion arenicola Verrill, 1879 
Phyllodocidae: 
Eteone flava (Fabricius, 1780) 
Eumida sanguinea (Oersted, 1813) 
Paranaitis kosteriensis (Malmgren, 1867) 
Phyllodoce mucosa Oersted, 183 
Pisionidae: 
Pisione sp. 
Syllidae: 
Autolytus cornutus A. Agassix, 1863 
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Paraonidae: 
Paraonis lyra Southern, 191) 
Nereidae: 
Nereis grayi Pettibone, 1956 
Nereis pelagica Linnaeus, 1758 
Nereis succinea (Frey and Leuckart, 187) 
Nereis virens Sars, 1835 
Nereis sp. 
Nephtyidae: 
laophamus circinata (Verrill, 187) 
Nephtys bucera Ehlers, 1868 
Nephtys incisa Malmgren, 1865 
Nephtys picta Ehlers, 1868 


Goniadidae: 
Goniadella gracilis Verrill, 1873 
Glyceridae: 


Glycera dibranchiata Ehlers, 1868 
Hemipodus sp. 


Dorvilleidae: 
Protodorvillea gracilis (Hartman, 1938) 
Onuphidae: 


Diopatra cuprea (Bosc, 1802) 
Onuphis eremita Audouin and M. Edwards, 1833 
Arabellidae: 
Drilonereis longa (Webster, 1879) 
Notocirrus spiniferus (Moore, 1906) 
Terebellidae: 
Nicolea venustula (Montagu, 1818) 
Polycirrus phosphoreus Verrill, 1880 
Sabellidae: 
Buchone rubrocincta (Sars, 1861) 
Potamilla reniformis (Linnaeus, 1788) 
Exogoninae: 
Exogone sp. 
Unidentified (Fabriciinae?) 
Arthropoda - Crustacea: 
Isopoda: 
Edotea triloba (Say, 1818) 
Chiridotea tuftsi (Stimpson, 1883) 
Cirolana concharum (Stimpson, 1853) 
Mysidocea: 
Neomysis americana (S. I. Smith, Te 
Heteromysis formosa S. I. Smith, 1873 
Cumacea: 
Leptocuma minor Calman, 1912 
Diastylis sculpta G. 0. Sars, 1871 
Diastylis polita S. I. Smith, 1879 


Amphipoda: 
Grammaridae: 
Elasmopus laevis (Smith, 1873) 
Lysianassidae: 


Tmetonyx nobilis Stimpson, 1853 
Hippomedon serratus (Holmes) 
Anonyx sarsi Steele and Brunel 
Ampeliscidae: 
Ampelisca vadorum Mills, 1963 
Ampelisca macrocephala 
Byblis serrata Smith, 1873 
Haustoriidae: 
Protohaustorius deichmannae Bousfield, 1965 
Protohaustorius wigleyi Bousfield, 1965 
Acanthohaustorius millsi Bousfield, 1965 
Acanthohaustorius spinosus Bousfield, 1962 
Acanthohaustorius intermedius Bousfield, 1965 
Parahaustorius attenuatus Bousfield, 1965 
Parahaustorius holmesi Bousfield, 1965 
Parahaustorius longimerus Bousfield, 1965 
Pseudohaustorius borealis Bousfield, 1965 


Bathyporeia gquoddyensis Shoemaker, 199 
Phoxocephalidae: 


Trichophoxus epistomus Shoemaker 

Phoxocephalus holbolli (Kroyer, 182) 
Oedicerotidae: 

Monoculodes edwardsi Holmes, 1903 


Appendix Table 3.--Continued. 


Corophiidae: 
Unciola irrorata Say, 1818 
Corophium tuberculatum Shoemaker 
Photidae: 
Leptocheirus pinguis (Stimpson, 
Photis macrocoxa Shoemaker 
Podoceropsis nitrida Stimpson 
Ischyroceridae: 
Ischyrocerus ipes Kroyer 
Jassa falcata (Montagu, 1808) 


Sthenothoodae: 
Stenothoe sp. 
Caprellidea: 
Aeginella longicornis Kroyer 
Decapoda: 
Caridea: 
Crangon septemspinosus Say, 1818 
Brachyura: 


Libinia emarginata Leach, 1815 
Cancer irroratus Say, 1817 
Cancer borealis Stimpson, 1859 
Neopanope texana Smith, 1869 
Ovalipes ocellatus (Herbst, 1799) 


Anomura: 
Pagurus longicarpus Say, 1817 
Pagurus pollicaris Say, 1817 
Mollusca: 
Gastropoda: 
Prosobranchia: 


Crucibulum striatum (Say) 
Crepidula fornicata 


Crepidula plana Say 
Lunatia heros (Say) 


aLal 


Lacuna vincta (Montagu) 
Mitrella lunata (Say) 
Nassarius trivittatus (Say) 
Turbonilla elegantula : 


Opisthobranchia: 
Acanthodoris pilosa (Abildgaard, 1789) 
Bivalvia: 
Protobranchia: 


Nucula proxima (Say) 
Yoldia limatula (Say) 
Lamellibranchia: 
Mytilus edulis L. 
Ensis directus (Conrad) 
Siliqua costata (Say) 
Tellina agilis Stimpson 
Lyonsia hyalina Cay 
Pandora gouldiana (Dall 
Mercenaria mercenaria (L.) 
Astarte castanea (Say) 
Astarte undata Gould 
Spisula solidissima (Dillwyn) 
Artica (Cyprima) islandica (L.) 
Cerastoderma pinnulatum (Conrad) 
Crenulla decussata Montagu 
Solen viridis Say 
Ectoprocta: 
unidentified species 
Echinodermata: 
Asteroidae: 
Asterias forbesi (Desor, 188) 
Echinoidea: 
Echinarachnius parma (Lamarck, 1816) 
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Appendix Table 5.--Benthic organism abundance and diversity. 


Average number Total Average number Total 
of animals number of animals number 
collected per of collected per of 
Station square meter species Station square meter species 
Al 15,200 19 El ho 11 
A2 10,500 Pal: E2 1,200 23 
A3 2h9 25 B3 2,030 555) 
Ah, 271 25 Eh 698 3) 
AS 10,200 35 ES 909 50 
A6 108 21 
Fl 357 19 
Bl 213 13 F2 OO 29 
B2 CUE: 23 135, 7h9 27 
B3 335 25 Fy 593 29 
Bh Ol 29 F5 499 32 
B5 336 33 
B6 521 6 Gl 292 22 
B7 1,440 50 G2 1,200 25 
G3 730 27 
Cl 183 20 Gh 1,560 50 
C2 08 20 GS 604, bh 
C3 127 iy G6 Sho 43 
ch 2h3 23 
cS 870 28 
Dl 227 aN 
D2 336 2h 
D3 438 36 
Dh 862 32 
D5 1,996 54 
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